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(54) Multiple layer disk reproducing apparatus, and apparatus for reproducing information 
record medium 



(57) An apparatus for reproducing a muitiple layer 
disk (20). which comprising a plurality of layers each 
having an information record surface on which record 
information is recorded, is provided with: a read device 
(22) for reading the record information from each of the 
layers: a reproduction process device (23, 24 to 28. 31 
to 35) for applying a predetermined reproduction proc- 
ess to the record information read by the read device in 
accordance with a reproduction process parameter, 
which is set therein and which comprises at least one of 
a gain value and an equalizer value, to thereby output a 
reproduction information signal; a drive device (30) for 
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driving the read device to jump from one reading state 
for reading one of the layers to another reading state for 
reading another of the layers; a memory (42) for storing 
a plurality of reproduction process parameters corre- 
sponding to the layers in advance of reproduction; and 
a set device (40) for reading out one of the stored repro- 
duction process parameters, corresponding to another 
of the layers as a destination of jumping of the read 
device, from the memory and setting the read out repro- 
duction process parameter in the reproduction process 
device, in case that the read device is driven to junp by 
the drive device. 
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Description 

BACKGROUND OF THE INVENTION 

1 , Field of the Invention 

The present invention is related with an apparatus 
for reproducing information of an information record 
medium such as an optical disk, on which the Informa- 
tion is recorded magnetically or by means of a phase pit 
and the like, and in which an information record layer is 
formed in multiple layers or a one-layer. The present 
invention is also related with an apparatus for automati- 
cally setting, in the reproducing apparatus for reproduc- 
ing the multiple-layer disk, each loop gain value and/or 
equalizer value in a focus servo and a tracking servo, 
and a level value and/or an equalizer value in an RF 
(Radio Frequency) signal, which are optimal for each 
layer. 

2. Description of the Related Art 

Recently. DVD (Digital Video or Versatile Disk) has 
been remarkably developed which dramatically 
improves a memory density over a conventional CD and 
services as a high density record medium that can 
record one movie and the like. 

Although this DVD has a different disk substrate 
thickness from the CD, the principle of reading a record 
pit responsible for storing information is similar to that of 
the CD. Thus, a CD/DVD compatible type of a reproduc- 
ing apparatus may be proposed. In this CD/DVD com- 
patible type of the reproducing apparatus, in order to 
optimally collect an information recording beam on an 
information record surface of each disk, it is considered 
to employ a bifocal lens that can emit two light beams 
focused on different positions on one straight line, or a 
method of exchanging lenses so as to change a focal 
length in corresponding with the type of the disk, or 
other methods. 

Incidentally, in the DVD. it is prescribed that a linear 
velocity thereof is higher than that of the CD from a 
request of making a density higher. So, it is necessary 
that servo gains and servo frequency bands in focus 
and tracking servo circuits are made different between 
the CD and the DVD. More actually, the DVD is set to be 
wider in servo band on a high frequency side than the 
CD. The DVD is set to be larger in servo gain than the 
CD. 

Therefore, in order to share the servo circuit 
between the CD and the DVD in the CD/DVD compati- 
ble type of the reproducing apparatus, it is necessary to 
adjust the servo gain and the servo band based on the 
disk. Namely, prior to a reproduction operation, it is 
judged whether or not an optical disk to be reproduced 
is the CD or the DVD. The servo gain and the servo 
band for the disk are correctly adjusted on the basis of a 
signal indicative of a reflectance factor of the optical disk 
based on the judged result for example, the S-shaped 



signal of the focus error, an RF signal or the like. The 
once adjusted value is maintained until the disk is 
exchanged. 

There are a single layer disk, where an information 

5 record surface on which a pit responsible for recording 
the information is recorded is composed of a single 
layer, and a multiple-layer disk having a plurality of 
record layers (for example, two layers) within a same 
thickness portion, in the DVD. In a case of the multiple- 

10 layer disk, there is, for example, such a problem that if a 
gain set for a record layer of a first layer in a two-layer 
disk is used for a record layer in a second layer as it is. 
the optimization is not performed at the record layer in 
the second layer, because of a relative slope between 

15 the respective record layers, different reflectance fac- 
tors of the respective record layers. arxJ other reasons. 
To solve this problem, it is enough to perform a setting 
operation of the gain on the basis of the focus error sig- 
nal and the like so as to set to a gain corresponding to 

20 the record layer at the jump destination, each time the 
reading beam is jumped from the record layer in the first 
layer to the record layer in the second layer during 
reproducing or from the record layer in the second layer 
to the record layer in the first layer. However, in this 

25 case, initial setting for the gain and the band should be 
carried out each time the jump operation between the 
layers is performed. This results in a problem that the 
jump operation takes a long time to complete. There- 
fore, in a case of recording a series of related informa- 

30 tion. such as movies or the like, over two layers, the 
jump operation between the layers causes a continuous 
reproduction to be interrupted. 

In this manner, there is a first problem in the above 
mentioned reproducing apparatus. 

35 On the other hand, to reproduce the DVD, an appa- 
ratus is used which comprises an optical pickup for col- 
lecting light beams on a focus position of an information 
record layer of the DVD and keeps a distance between 
an object lens of the optical pickup and the information 

40 record layer constant by using a focus servo control, to 
stably read the information. 

Here since an area in which a servo error signal can 
be detected is narrow in this focus servo control, a so- 
called focus search operation is required. In this focus 

45 search operation, prior to performing the focus servo 
control, a servo loop is made open, the objective lens is 
moved by a predetermined amount in a direction verti- 
cal to the informal ion record layer, and a zero cross of 
a focus en-or signal (S-shaped signal) outputted at that 

50 time is checked, and thereby the servo loop is made 
close. 

However, in case of the DVD of the multiple-layer 
disk type, since the information record layer is com- 
posed of multiple layers so as to record much informa- 
55 tion. it is required to perform the focus search operation 
for each layer, to reproduce such a multiple-layer disk 
from one side thereof. 

That is, in a case of the multiple-layer disk type of 
the reproducing apparatus, it is necessary to jump the 



2 



BNSDOCin: <FP nftn7p9ftAi r > 



3 



EP 0 807 926 A1 



4 



objective lens of the optical pickup to an appropriate 
position, each time the information record layer to be 
reproduced is switched. However, since intervals 
between the respective information record layers are 
different from each other in the respective disks within a 
disk standard, it is not possible to unconditionally set the 
jump amount. Thus, a standard position for the focus 
servo must be set by performing the focus search oper- 
ation for each disk and each layer. 

Therefore, in a case of the conventional apparatus 
for performing the focus search operation, it is neces- 
sary to detect the zero cross of the focus error signal 
each time the information record layers are switched. As 
a result, it is difficult to quickly switch between the infor- 
mation record layers in the multiple-layer DVD. 

In this manner, there is a second problem in the 
above mentioned reproducing apparatus. 

SUMMARY OF THE INVENTION 

It is therefore a first object of the present invention, 
from the viewpoint of the above mentioned first problem, 
to provide a multiple-layer disk reproducing apparatus, 
which can quickly perform a stable servo control, even if 
the reading beam is jumped between the layers, at a 
time of reproducing the record information from the mul- 
tiple-layer disk. 

It is therefore a second object of the present inven- 
tion, from the viewpoint of the above mentioned second 
problem, to provided an apparatus for reproducing the 
DVD or the like, which can perform a quick reproducing 
operation at a time of switching the record layers of the 
DVD or the like, in which the information record layers 
may be formed in multiple layers. 

The above mentioned first object of the present 
invention can be achieved by a first apparatus for repro- 
ducing a multiple layer disk comprising a plurality of lay- 
ers each having an information record surface on which 
record information is recorded. The first apparatus is 
provided with: a read device for reading the record infor- 
mation from each of the layers; a reproduction process 
device for applying a predetermined reproduction proc- 
ess to the record infor nation read by the read device in 
accordance with a reproduction process parameter, 
which is set therein and which comprises at least one of 
a gain value and an equalizer value, to thereby output a 
reproduction information signal; a drive device for driv- 
ing the read device to jump from one readirrg state for 
reading one of the layers to another reading state for 
reading another of the layers; a memory for storing a 
plurality of reproduction process parameters corre- 
sponding to tfie layers in advance of reproduction; and 
a set device for reading out one of the stored reproduc- 
tion process parameters, conresponding to another of 
the layers as a destination of jumping of the read device, 
from the memory and setting the read out reproduction 
process parameter in the reproduction process device, 
in case that tiie.read device is driven to jump by the 
drive device. ?^a'1: 



According to the first apparatus of the present 
invention, a plurality of reproduction process parame- 
ters corresponding to the layers are stored in the mem- 
ory in advance of reproduction. In reproduction, the 
5 record information is read from each of the layers, by 
the read device such as an optical pickup. Then, a pre- 
determined reproduction process is applied to the 
record information in accordance with a reproduction 
process parameter, which is set therein and which com- 
10 prises at least one of a gain value and an equalizer 
value, by the reproduction process device, such as an 
RF amplifier, a low pass filter, an A/D converter, a focus 
gain controller, a digital equalizer and the like. Thus, the 
reproduction information signal is outputted from the 
reproduction process device. In case tfiat the read 
device is driven by the drive device to jump from one 
reading state for reading one of the layers to another 
reading state for reading another of the layers, one of 
the stored reproduction process parameters, corre- 
sponding to this another of the layers as a destination of 
jumping of the read device, is read out from the memory 
by the set device. Further, this read out reproduction 
process parameter is set in the reproduction process 
device, by the set device. Accordingly after jumping, tiie 
predetermined reproduction process is applied to the 
record information appropriately in accordance with the 
reproduction process parameter, which readily corre- 
sponds to tiie layer at tiie jump destination. Therefore, it 
is not necessary to measure or determine the gain 
value and/or the equalizer value for the layer at the jump 
destination each time the jump is performed. Thus, a 
stable and quick servo control can be performed, even if 
the jumping operation between the layers is performed, 
according to the first apparatus of the present invention. 

In one aspect of the first apparatus of the present 
invention, the memory stores the reproduction process 
parameters each comprising at least one of the gain 
value of a focus servo loop for the reproduction process 
device and the gain value of a tracking servo loop for the 
reproduction process device. 

According to this aspect, since the gain value of the 
focLS servo loop and/or the gain value of the tracking 
servo loop are stored in the memory, the stability of 
each servo loop in reproduction can be improved, so 
that the servo control operation can be quickly and sta- 
bly performed. 

The above mentioned first object of the present 
invention can be also achieved by a second apparatus 
for reproducing a multiple layer disk comprising a plural- 
ity of layers each having an information record surface 
on which record information is recorded. The second 
apparatus is provided with: a read device having an 
objective lens for optically reading the record informa- 
tion from each of the layers through the objective lens; a 
reproduction process device for applying a predeter- 
mined reproduction process to the record infornrwtion 
read by the read device in accordance with at least one 
of a gain value and an equalizer value of a focus servo 
loop, and a gain value and an equalizer value of another 
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servo loop other than the focus servo loop, which are 
set therein, to thereby output a reproduction information 
signal and a focus error signal corresponding to the 
reproduction information signal: a drive device for driv- 
ing the read device to move the objective lens in a focus 
direction of the objective lens; a first measurement 
device for measuring at least one of the gain value and 
the equalizer value of the focus servo loop for each of 
the layers on the basis of the focus error signal of each 
of the layers; a second measurement device for meas- 
uring at least one of the gain value and the equalizer 
value of another servo loop for one of the layers on the 
t^sis of a reflectance factor of one of the layers; a mem- 
ory for storing the measured gain values and equalizer 
values measured by the first and second measurement 
devices; a calculation device for calculating a ratio of at 
least one of the gain value and the equalizer value of the 
focus servo loop for one of the layers with respect to 
those for another of the layers; and a set device for set- 
ting the gain value and the equalizer value of another 
servo loop for another of the layers on the basis of the 
ratio calculated by the calculation device, to the repro- 
duction process device. 

According to the second apparatus of the present 
invention, in reproduction, the record information is opti- 
cally read from each of the layers through the objective 
lens, by the read device. Then, a predetermined repro- 
duction process is applied to this record information in 
accordance with at least one of a gain value and an 
equalizer value of a focus servo loop, and a gain value 
and an equalizer value of another servo loop other than 
the focus servo loop (e.g., a tracking servo loop, a spin- 
dle servo loop), which are set therein, by the reproduc- 
tion process device. Thus, a reproduction information 
signal and a focus error signal corresponding to the 
reproduction information signal are outputted by the 
reproduction process device. In case that the read 
device is driven to move the objective lens in a focus 
direction of the objective lens between the layers, by the 
drive device, at least one of the gain value and the 
equalizer value of the focus servo loop for each of the 
layers is measured on the basis of the focus error signal 
of each of the layers, by the first measurement device. 
Further, at least one of the gain value and the equalizer 
value of another servo loop (e.g.. a tracking servo loop, 
a spindle servo loop) for one of the layers is measured 
on the basis of a reflectance factor of this one of the lay- 
ers, by the second measurement device. Then, these 
measured gain values and equalizer values are stored 
in the memory. Then, a ratio of the gain value and/or the 
equalizer value of the focus servo loop for this one of the 
layers with respect to those for another of the layers is 
calculated by the calculation device. Finally, the gain 
value and the equalizer value of another servo loop (e.g. 
a traddng servo loop, a spindle servo loop) for another 
of the layers is set on the basis of the calculated ratio to 
the reproduction process device, by the set device. 
Accordingly before or after moving the objective lens in 
the focus direction, the predetermined reproduction 



process is applied to the record information appropri- 
ately in accordance with the gain value and/or the 
equalizer value, which readily corresponds to the layer 
before or after the movement of the objective lens. 
5 Since the gain value and/or the equalizer value of the 
servo loop for the layer or layers other than one layer is 
obtained by use of the ratio, the stability of each servo 
loop in reproduction can be improved while the servo 
control operation can be more stably and quickly per- 
10 formed, according to the second apparatus of the 
present invention. 

In one aspect of the second apparatus of the 
present invention, the first measurement device takes in 
focus en-or signals of all the layers from the reproduction 
process device while the objective lens is moved up or 
down just once, to thereby measure at least one of the 
gain value arxi the equalizer value of the focus servo 
loop for each of the layers. 

According to this aspect, the focus error signals of 
all the layers are taken in while the objective lens is 
moved up or down just once. Thus, the servo control 
operation can be even more stably and quickly per- 
formed. 

On the other hand, in another aspect of the first 
apparatus of the present invention, the first apparatus is 
further provided with a detection device for detecting a 
maximum amplitude value of an RF signal of each of the 
layers, from the record information read by the read 
device. The memory stores at least one of the gain 
value and the equalizer value for the RF signal, which 
are obtained from the maximum amplitude value 
detected by the detection device. 

According to this aspect, a maximum amplitude 
value of an RF signal of each of the layers, is detected 
from the record information read, by the detection 
device. Then, at least one of the gain value and the 
equalizer value for the RF signal, which are obtained 
from the maximum amplitude value detected by the 
detection device, are stored in the memory. Therefore, it 
is possible to reproduce the RF signal accurately in 
reproduction. 

The above mentioned first object of the present 
invention can be also achieved by a third apparatus for 
reproducing a multiple layer disk comprising a plurality 
of layers each having an information record surface on 
which record information is recorded. The third appara- 
tus Is provided with: a read device for reading the record 
information from each of the layers; a detection device 
for detecting a maximum amplitude value of an RF sig- 
nal of each of the layers, from the record information 
read by the read device; a reproduction process device 
for applying a predetermined reproduction process to 
the record information read by the read device in 
accordance with a reproduction process parameter, 
which is set therein and which comprises at least one of 
a gain value and an equalizer value, to thereby output a 
reproduction information signal; a memory for storing a 
plurality of predetermined reproduction process param- 
eters in advance of reproduction; and a selection device 
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for selecting one of the predetermined reproduction 
process parameters stored in the memory, on the basis 
of the maximum amplitude value detected by the detec- 
tion device, and setting the selected reproduction proc- 
ess parameter in the reproduction process device. 5 

According to the third apparatus of the present 
invention, a plurality of predetermined reproduction 
process parameters are stored in the memory in 
advance of reproduction. In reproduction, the record 
information is read from each of the layers, by the read 10 
device. Then, a maximum amplitude value of an RF sig- 
nal of each of the layers is detected from the record 
information read, by the detection device. Then, a pre- 
determined reproduction process is applied to this 
record information in accordance with a reproduction 75 
process parameter, which is set therein and which com- 
prises at least one of a gain value and an equalizer 
value, by the reproduction process device. Thus, a 
reproduction information signal is outputted by the 
reproduction process device. At this time, if the layer to 20 
be reproduced is changed, one of the predetermined 
reproduction process parameters stored in the memory 
is selected on the basts of the detected maximum ampli- 
tude value, by the selection device. And that, the 
selected reproduction process parameter is set in the 2S 
reproduction process device. Therefore, snce the gain 
value and/or the equalizer value can be selected from 
the memory in accordance with the maximum amplitude 
value, the servo control operation for the RF signal can 
be reproduced quickly by use of the gain value and/or 30 
the equalizer value, which readily corresponds to the 
pertinent layer without the necessity of measuring 
and/or calculating the gain value and/or the equalizer 
value of the RF signal for the pertinent layer, according 
to the third apparatus of the present invention. 35 

The atx)ve mentioned second object of the present 
invention can be achieved by a fourth apparatus for 
reproducing an information record medium comprising 
one or a plurality of layers each having an information 
record surface on which record information is recorded. 40 
The fourth apparatus is provided with: a read device 
having an objective lens for optically reading the record 
information from the information record surface through 
the objective lens; a reproduction process device for 
applying a predetermined reproduction process to the 45 
record information read by the read device, to thereby 
generate a reproduction information signal and a focus 
enror signal corresponding to the reproduction informa- 
tion signal: a drive device for driving the read device to 
move the objective lens in a focusing direction of the so 
objective lens according to a control signal; a time 
counting device for measuring a time interval between 
two successive focus error signals generated by the 
reproduction process device; an interval calculation 
device for calculating a layer interval between the layers ss 
on the basis of the time intervah measured by the time 
counting device if a plurality of focus error signals are 
generated, which have signal levels exceeding a prede- 
termined standard value set in advance, while the 



objective lens is moved in either one direction by the 
drive device; a selection device for selecting one param- 
eter for the control signal, which corresponds to the 
layer interval calculated by the interval calculation 
device, among a plurality of parameters for the control 
signal, which are set in advance to move the objective 
lens between the layers: a parameter memory for stor- 
ing the parameter selected by the selection device; and 
a control device for generating the control signal based 
on the parameter stored in the parameter memory, and 
thereby controlling the drive device to drive the read 
device to move the objective lens. 

According to the fourth apparatus of the present 
invention, in reproduction, the record information is read 
from the information record surface through the objec- 
tive lens, by the read device. Then, a predetermined 
reproduction process is applied to this record informa- 
tion, by the reproduction process device. Thus, a repro- 
duction information signal and a focus error signal 
corresponding to the reproduction information signal 
are generated by the reproduction process device. In 
the operation of the fourth apparatus especially, a time 
interval between two successive focus error signals 
generated by the reproduction process device is meas- 
ured by the time counting device. In this condition, if the 
read device is driven by the drive device to move the 
objective lens in the focusing direction according to the 
control signal i.e.. if the objective lens is moved toward 
or away from the information record medium, the focal 
point of the objective lens passes through the informa- 
tion record surface of the layer or layers of the informa- 
tion record medium. Thus, the focus error signal is 
generated in correspondence with the passed informa- 
tion record surface. While the objective lens is moved in 
either one direction by the drive device in this manner, if 
a plurality of focus error signals are generated, which 
have signal levels exceeding a predetermined standard 
value set in advance, the layer interval (i.e. a distance 
between the information record surfaces of two adjacent 
layers) is calculated on the basis of the time interval 
measured by the time counting device, by the interval 
calculation device. Namely, such a fact that a plurality of 
focus error signals, which have signal levels exceeding 
the predetermined standard value, are generated dur- 
ing the movement of the objective lens in one direction 
in this way, indicates that the pertinent information 
record medium is a multiple layer type. Thus, the layer 
interval of the information record medium can be 
ot3tained by the relationship between the moving speed 
of the objective lens, which is a predetermined value, 
and the measured time interval. After the layer interval 
Is calculated in this manner, one parameter for the con- 
trol signal, which corresponds to the calculated layer 
interval. Is selected among a plurality of parameters for 
the control signal/which are set in advance to move the 
objective lens between the layers, by the selection 
device. Then, this selected parameter is stored in the 
parameter memory. After that, the control signal is gen- 
erated on the t>asis of the parameter stored in the 
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parameter memory, by the control device, and that the 
drive device is controlled according to this generated 
control signal. Therefore, as long as a reproduction 
operation is performed with respect to any desirable 
layer of the pertinent information record medium, by 5 
outputting the control signal based on the stored param- 
eter in the parameter memory, the objective lens can be 
moved to an appropriate position with respect to this 
desirable layer. 

In this manner, it is possible to move the objective 10 
lens quickly and accurately so as to position its focal 
point on the information record surface of any desirable 
layer of the information record medium even if the infor- 
mation record medium comprises one layer or a plurality 
of layers, so that the reproduction of such an information is 
record medium can be smoothly performed. 

In one aspect of the fourth apparatus of the present 
invention, the drive device drives the read device to 
move the objective lens when a pulse signal is applied 
as the control signal to the drive device. The parameter 20 
for the control signal comprises at least one of a pulse 
width, a peak value, a brake time and a gain up time of 
the pulse signal. 

According to this aspect, the objective lens is 
moved when the pulse signal is applied to the drive 25 
device. At this time, the moving distance and the stabil- 
ity of the movement of the objective lens depends upon 
the pulse width, the peak value, the brake time and the 
gain up time of the pulse signal. Therefore, by storing at 
least one of these parameters and by outputting the 30 
control signal based on these stored parameters to the 
drive device, it is possible to move the objective lens by 
a desirable moving distance i.e.. to move the objective 
lens quickly and accurately so as to position its focal 
point on the information record surface of any desirable 35 
layer of the pertinent information record medium, so that 
the reproduction of such an information record medium 
can be smoothly performed. 

In another aspect of the fourth apparatus of the 
present invention, the fourth apparatus is further pro- 40 
vided with a discrimination device for discriminating a 
type of the information record medium on the basis of 
the time interval measured by the time counting device, 
as for the focus error signal, which is generated during 
a reciprocation motion of the objective lens by the drive 45 
device and which exceeds the predetermined standard 
value. 

According to this aspect, if the objective lens Is 
moved toward the information record medium, for exam- 
ple, the time interval from the time point of staring the so 
movement until the focus error signal exceeding the 
standard value is generated, becomes shorter as the 
distance from the surface of the information record 
medium to the information record surface correspond- 
ing to the focus error signal becomes shorter, and 55 
becomes longer as this distance becomes longer. Fur- 
ther, in case of the information record medium of the 
multiple layer type, a plurality of successive focus error 
signals are generated. On the other hand, after the 



objective lens arrives at its upper limit position, if the 
objective lens is nextly moved away from the information 
record medium, for example, the time interval from a 
time point of starting this movement until the focus en-or 
signal firstly exceeding the standard level becomes 
shorter as the distance from the surface to the informa- 
tion record surface of the information record medium 
becomes longer, and becomes longer as this distance 
becomes shorter. Further, in case of the information 
record medium of the multiple layer type, a plurality of 
successive focus error signals are generated. There- 
fore, if the objective lens is moved in this way, the time 
interval between two successive focus error signals 
becomes shorter as the distance from the surface to the 
information record surface becomes longer, becomes 
longer as this distance becomes shorter, and becomes 
the shortest in case of the multiple layer type. On the 
other hand, if the moving order of the objective lens is 
inverted, an inverse relationship between the time inter- 
val and the distance of the above is obtained. In this 
manner, the type of the information record medium is 
discriminated by the discrimination device on the basis 
of the time interval measured by the time counting 
device, as for the focus error signal, which is generated 
during a reciprocation motion of the objective lens and 
which exceeds the predetermined standard value. Fur- 
thermore, if the type of the information record medium is 
discriminated as the multiple layer type, the calculation 
of the layer interval as well as the selection and storage 
of the parameter for the control signal based on the cal- 
culation result are performed. 

Consequently. the movement of the objective lens 
for the desirable layer of the information record medium 
can be quickly and accurately performed, and, even in 
case of the information record medium of the multiple 
layer type, the reproduction can be smoothly performed. 
In con^espondence with the type of the information 
record medium, the focus servo control can be per- 
formed accurately 

In another aspect of the fourth apparatus of the 
present invention, the reproduction process device fur- 
ther generates a tracking error signal corresponding to 
the reproduction information signal. And that, the fourth 
apparatus is further provided with: a servo calculation 
device for calculating at least one of a focus gain value 
and a tracking gain value of each of the layers on the 
basis of at least one of the focus error signal and the 
tracking error signal generated by the reproduction 
process device; a gain memory for storing at least one 
of the focus gain value and the tracking gain value cal- 
culated by the servo calculation device: and a servo 
control device for performing at least one of a focus 
servo control and a tracking servo control, on the basis 
of at least one of the focus gain value and the tracking 
gain value stored in the gain memory. 

According to this aspect, in reproduction, a tracking 
en-or signal is further generated by the reproduction 
process device. Then, at least one of a focus gain value 
and a tracking gain value of each of the layers is calcu- 
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lated by the servo calculation device on the basis of at 
least one of the focus error signal and the tracking error 
signal. For example, the peak to peak values of the 
focus error signals are taken in and the average of these 
values is calculated, so that the focus gain value is cal- 
culated and stored into the gain memory, while the peak 
to peak values of the tracking error signals are taken in 
and the average of these values is calculated, so that 
the tracking gain value is calculated and stored into the 
gain memory. In this operation, at the time of taking in 
the focus error signals, the calculation of the layer Inter- 
val as well as the selection and storage of the parameter 
for the control signal is performed. Therefore, in case of 
reproducing the information record medium of the multi- 
ple layer type, the movement of the objective lens for the 
desirable layer can be performed on the basis of the 
parameter stored in the parameter memory, and the 
focus servo control and/or the tracking servo control can 
be performed on the basis of the locus gain value and/or 
the tracking gain value stored in the gain memory. 

Consequentiy, the reproduction of the information 
record medium, which may be the single layer type or 
the multiple layer type, can be performed even more 
smoothly. 

The nature, utility, and further features of this inven- 
tion will be more clearly apparent from the following 
detailed description with respect to preferred embodi- 
ments of the invention when read in conjunction with the 
accompanying drawings briefly described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a multiple layer disk 
reproducing apparatus as a first emtjodiment of the 
present invention; 

FIG. 1 A is one diagram showing a wave form of a 
focus error generated by an optical pickup of bifocal 
lens type in a CD/DVD compatible reproducing 
apparatus for use in the embodiment; 
FIG. 1 B is another diagram showing the wave form 
of the focus error generated by the optical pickup of 
bifocal lens type in the CD/DVD compatible repro- 
ducing apparatus for use in the embodiment; 
FIG. 2A is a cross-sectional view of a DVD of a mul- 
tiple layer disk type to be reproduced in tiie first 
embodiment; 

FIG. 2B is a diagram showing a relationship 
between a structure of a bifocal lens and a focus 
error signal in the emtx>diment; 
FIG. 3A is one time chart of a generation of a focus 
error signal of a first layer in the first embodiment; 
FIG. 3B is another time chart of the generation of 
the focus error signal of the first layer in the first 
embodiment; 

FIG. 3C is another time chart of the generation of 
the focus error signal of the first layer in the first 
embodiment; 

FIG. 4A is one time chart of a generation of a focus 
error signal of a second layer in the first emtxxJi- 



ment; 

FIG. 4B is another time chart of the generation of 
tiie focus error signal of the second layer in the first 
embodiment; 

5 FIG. 4C is another time chart of tine generation of 
the focus error signal of the second layer in the first 
emlxxliment; 

FIG. 5 is one flow chart showing an operation of the 
first embodiment; 
10 FIG. 6 is another flow chart, continued from FIG. 5, 
showing the operation of the first embodiment; 
FIG. 7A is one time chart of a generation of a focus 
error signal in a second embodiment of the present 
invention; 

15 FIG. 7B Is another time chart of the generation of 
tiie focus error signal in the second embodiment; 
FIG. 7C is another time chart of tiie generation of 
the focus error signal in tiie second embodiment; 
FIG. 8 is one flow chart showing an operation of the 

20 second emlxxliment; 

FIG. 9 is another flow chart, continued from FIG. 8, 
showing the operation of the second embodiment; 
FIG. 10 is a flow chart showing an operation of a 
third embodiment of the present Invention; 

25 FIG. 1 1 is a flow chart showing an operation of a 
method of discriminating the disk in lens exchang- 
ing type for use in the embodiments; 
FIG. 12 is a flow chart showing an operation of a 
method of discriminating the disk in bifocal lens 

30 type for use in the embodiments: 

FIG. 13 is a flow chart showing an operation of a 
fourth embodiment of the present invention; 
FIG. 14 is a flow chart showing an operation of a 
fifth embodiment of the present invention; 

35 FIG. 15 is a flow chart showing an operation of a 
sixth emtxxllment of tiie present invention; 
FIG. 16 is a block diagram showing a summarized 
construction of a reproducing apparatus for an 
information record medium as a seventh embodi- 

40 ment of the present invention; 

FIG. 17 is a timing chart showing one example of 
control signals etc. vwth respect to a focus driver in 
the seventh embodiment; 

FIG. 18 is a timing chart showing another example 
45 of control signals etc. with respect to the focus 
driver in the seventh embodiment; 
FIG. 19 Is a timing chart showing a moving corxii- 
tion of an objective lens of an optical pickup, a focus 
error signal obtained thereat and a start and stop 
so operation of a timer in the seventh embodiment; 

FIG. 20A is a timing chart showing one example of 
a time-measurement timing for intervals of the 
focus error signals in the seventh embodiment; 
FIG. 20B is a timing chart showing another example 
55 of a time-measurement timing for intervals of the 
focus error signals in the seventh embodiment; 
FIG. 21 is a flow chart showing an operation of con- 
trolling a layer interval measurement in the seventh 
embodiment; 
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FIG. 22 is a flow chart showing an operation of con- 
trolling a layer interval measurement in an eighth 
embodiment of the present invention; 
FIG. 23 is a timing chart showing a moving condi- 
tion of an objective lens of an optical pickup, a focus 5 
enror signal obtained thereat and a start and stop 
operation of a timer in the eighth embodiment; 
FIG. 24 is a block diagram showing a summarized 
construction of a reproducing apparatus for an 
information record medium as a ninth embodiment io 
of the present invention; 

FIG. 25 is one flow chart showing an operation of 
controlling a layer interval measurement in the ninth 
embodiment; 

FIG. 26 is another flow chart, continued from FIG. is 
25, showing the operation of controlling the layer 
interval measurement in the ninth embodiment; 
FIG. 27 is a flow chart showing an operation of dis- 
criminating a disk in the ninth embodiment; 
FIG. 28A is a timing chart showing a moving condi- 20 
tion of an objective lens of an optical pickup, a focus 
error signal obtained thereat and a start and stop 
operation of a timer in the ninth embodiment; 
FIG. 28B is one timing chart of balance control and 
tracking gain control operations in the ninth emtxxJ- 25 
iment: and 

FIG. 28C is another timing chart of l^alance control 
and tracking gain control operations in the ninth 
embodiment. 

30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[(] Construction of Reproducing Apparatus 

35 

FIG. 1 shows a block diagram of a muttipie-layer 
disk reproducing apparatus of an embodiment accord- 
ing to the present invention. An optical cfisk 20 to be 
reproduced is rotated at a defined rotation number by a 
spindle motor 21 . An optical pickup 22 employing a bifb- 40 
cal lens reads out information, by means of a light 
beam, from a pit formed on an information record sur- 
face of the optical disk 20. An output signal from the 
optical pickup 22 is inputted to an RF Amp 23. and is 
outputted as an analog signal, such as a focus error sig- 4S 
naJ. a tracking error signal or the like. A focus error sig- 
nal outputted by the RF Amp 23 is sent to a variable 
amplifier 25, after unnecessary frequency components 
are removed through an LPF (Low Pass Filter) 24. A 
gain of this variable annplifier 25 is set by a command so 
from an FGA (Focus GAin controller) 27 described later. 
An output signal from the variable amplifier 25 is con- 
verted from an analog signal into a digital signal by an 
A/D converter 26. and is then sent to the FGA 27. 

An output from the FGA 27 is weighted into particu- ss 
lar frequency ranges by a D • EQ (Digital Equalizer) 28. 
is pulse-width<onverted by a PWM (Pulse Width Mod- 
ulator) 29, and is then supplied to a focus coil (not 
shown) of the optical pickup 22 by a focus coil drive dr- 



cuit 30. This PWM 29 is a circuit of sending a signal to 
the focus coil drive circuit 30. However, a command 
from a servo controller 38 described later can prevent 
the PWM 29 from sending the signal to the focus coil 
drive drcuit 30. Thus, the PWM 29 also has a role as a 
focus loop switch used to make a focus loop In an open 
path state or a close path state. 

On the other hand, the tracking error signal output- 
ted by the RF Amp 23 is supplied to a variable amplifier 
32, after unnecessary frequency components are 
removed through am LPF 31 . An output signal from the 
variable amplifier 32 is converted from an analog signal 
into a digital signal by an A/D converter 33. and then 
supplied to a TGA (Tracking GAin controller) 34. An out- 
put from the TGA 34 is weighted into particular fre- 
quency ranges by a D • EQ 35, is pulse-width-converted 
by a PWM 36, and is then supplied to a tracking coil (not 
shown) of the optical pickup 22 by a tracking drive circuit 
37. There is also the servo controller 38 for giving com- 
mands to the respective circuits on the basis of data 
obtained by the FGA 27. the TGA 34. the respective D 
EQs 28 and 35. and the like. Calculation of the data is 
performed, and the command is given, as the occasion 
demands, by the servo controller 38. A ROM 39 and a 
CPU 40, in which respective defined values required by 
the multiple-layer disk type of the reproducing appara- 
tus are stored, are connected to the servo controller 38. 

An operation section 41 and a RAM 42 are con- 
nected to this CPU 40. Various information detected at 
an initial operation in the multiple-layer disk type of the 
reproducing apparatus is stored in the CPU 40, and 
read therefrom as the occasion demands. A TR • BL 
(Tracking BaLance control drcuit) 43 is connected to the 
servo controller 38. After a control signal of a tracking 
balance is converted from a digital signal into an analog 
signal by a D/A converter 44, a signal is supplied to the 
RF Amp 23. and the optimal tracking balance is accord- 
ingly performed. On the other hand, the RF signal 
obtained by the RF Amp 23 is supplied through am 
amplifier 45 to an EFM (Eight to Fourteen Modulation) 
decoder 46. The spindle motor 21 is driven by a spindle 
motor drive drcuit 47, arxJ thereby the optical disk 20 is 
rotated at the defined rotation speed. 

An RF gain that is optimal for each of the layers in 
the multiple-layer disk is supplied through an A/D con- 
verter 49 to an RGA (RF GAin control circuit) 48. by the 
command from the servo controller 38. Moreover, the 
amplifier 45 is controlled by the RGA 48 based on the 
control signal from the servo controller 38. The optimal 
data is supplied to the EFM decoder 46. Accordingly, 
the rotation speed off the spindle motor 21 is monitored 
and controlled. 

One example of a bifocal lens employed by the opti- 
cal pickup 22 is explained here in detail with reference 
to FIGS. 1 A and IB. 

As shown in FIG. 1 A, a bifocal lens 1 2 has a config- 
uration in which a diffraction grating 13 and an objective 
lens 1 1 are arranged on one optical path. Light beams 
made parallel to each other by a collimator lens 14 are 
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divided into three beams: a 0 order light and ±1 order 
lights, by the diffraction grating 13 (the -1 order light is 
not shown). Utilization of a difference between the opti- 
cal path lengths of the 0 order light and the +1 order 
light among them enables the 0 order light and the +1 
order light to be focused on different positions on an one 
straight line. 

Actually, for the Information record surface of the 
DVD or the CD. the +1 order light is adapted to be 
focused on a farther position from the objective lens 1 1 
than the 0 order light. Thus, the 0 order light is set so as 
to be optinnally collected on the information record sur- 
face of the DVD. and the +1 order light is set to be opti- 
mally collected on the information record surface of the 
CD. In a case of considering that an optical pickup using 
this bifocal lens is gradually made close to an optical 
disk, the beam of the +1 order light is firstly emitted to 
the information record surface of the optical disk Then, 
an S-shaped signal servicing as a focus error signal is 
outputted from a four-division photo diode built in the 
optical pickup (not shown) of the disk reproducing appa- 
ratus. Next, an S-shaped signal is obtained which serv- 
ices as a pseudo focus error signal generated when a 
reflection light from the optical disk of the +1 order light 
returns through the optical path of the 0 order light. 
Finally, am S-shaped signal is obtained which services 
as a focus error signal corresponding to the 0 order 
light. 

FIG. 1 B shows the manner in which the S shapes of 
the 0 order light, the pseudo light and the +1 order light 
are generated as mentioned above in a case that the 
bifocal lens is made close to tiie optical disk. 

A light division ratio of the 0 order light to the +1 
order light at tiie diffraction grating 13 is set to be sub- 
stantially equal to each other. Since the optimal collec- 
tion of the 0 order light is performed for the DVD and the 
optimal collection of the +1 order light is performed for 
the CD. the optimally collected situation cannot be kept 
for the reverse combination thereof, for example, 
because of generation of spherical aberration and the 
like. Thus, in a case that the optical disk is the CD, the 
S*shaped signal of the focus error signal corresporKling 
to the +1 order light has the highest level (FE1). and the 
S-shaped signal of the focus error signal corresponding 
to the 0 order light has the lowest level. In contrast with 
this condition, in a case that the optrcal disk is the DVD, 
the S-shaped signal of the focus error signal corre- 
sponding to tiie 0 order light has the highest level (FE2). 
and the S-shaped signal of the focus error signal corre- 
sponding to the -1-1 order light has the lowest level. 

[II] Explanation of One-Sided Two-Layer Disk 

In a case of an optical disk for DVD shown in FIG. 
2A, two transparent optical disk substrates are tx)nded 
togetiier. Each of the substrates has a diameter of. for 
example. 120 mm and a thickness of. for example. 0.6 
mm, A protective layer of a first optical disk (A surface) 
and a protective layer of a second optical disk (B sur- 



face), which are opposite to each other, are bonded 
together with adhesive, and thereby constitute the opti- 
cal disk substrate having a thickness of 1.2 mm. 

A pit for recording information on a surface of a 

5 transparent substrate 9 made of synthetic resin of 
polymethylene methacrylate and polycarbonate is con- 
centrically or spirally formed on the A surface. A reflec- 
tion layer 1 as a first translucent layer, in which a display 
pattern, such as a character, a symbol, a picture or the 

10 like, is cortstituted by a metallic thin film made of alumi- 
num fiaving sih/er-whrte color or the like, is formed on 
some surface of the transparent sul>strate 9 on which 
this pit is formed. 

Moreover, a r^lection layer 2 as a second layer 

15 composed of a metallic thin film having golden color 
made of gold and the like is formed on a top surface of 
the reflection layer 1 as the first layer and a top surface 
of the transparent substrate 9 on which the reflection 
layer 1 as the first layer is not formed. A surface where 

20 the reflection layer 1 as the first layer and the reflection 
layer 2 as the second layer are in contact with the pit 
has substantially same reflectance factors. A protective 
layer 3 made of ultraviolet curing resin is formed on a 
top surface of the reflection layer 2 as the second layer 

25 That is. tiie A surface disk servicing as a first optical disk 
is an optical disk having the two-layer structure com- 
posed of the fransparent substrate 9, the pit. the reflec- 
tion layer 1 as the first layer, the reflection layer 2 as the 
second layer, the protective layer 3 and the like. Simi- 

30 larly to the A surface disk, a pit for recording information 
on a surface of a transparent substrate 8 is formed on a 
second optical disk (B surface), and a protective layer 5 
is formed on top surfaces of a reflection layer 7 as the 
first layer and a reflection layer 6 as the second layer. As 

35 mentioned above, the optical disk substrate having the 
tiiickness of 1 .2 mm Is constituted by making the protec- 
tive layers 3 and 5 of these two optical disk substrates 
opposite to each other and bonding together with a hot 
melt type adhesive 4. 

40 When reproducing the multiple-layer disk substrate 
having the above mentioned multiple-layer structure 
from one side thereof, if reproducing by using a bifocal 
lens, S-shapes with respect to the first layer and the 
second layer are continuously generated for each of the 

45 0 order light, the pseudo light and tiie +1 order light as 
shown in FIG. 2B, in a focus error signal generated 
when the lens is moved up and down, since an interval 
between the first layer and the second layer is narrow 
(approximately 40 jim). 

50 

[III] First Embodiment of the Invention 

In a first embodiment of the present invention, a 
focus error signal is extracted, which is generated from 
55 the first layer, among focus error signals generated by 
applying an UP or DOWN operation to the objective lens 
while emitting light beanrts to the one-sided two-layer 
disk loaded on a disk loading surface of the reproducing 
apparatus. A gain value is set for a focus servo on the 
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basis of this focus error signal. After that, a balance 
adjustment and a gain value setting are performed for a 
tracking servo on the basis of a tracking error signal. 
Next, a focus jump is performed to a second layer, and 
the operation similar to that of the above mentioned 5 
case is performed for the second layer. The above men- 
tioned operation is performed as a setup (initial setting) 
operation prior to an actual reproduction operation. 

An operation of the first embodiment according to 
the present invention is explained with reference to 70 
operation time charts in FIGS. 3 and 4 and flow charts 
of FIGS. 5 and 6. At first FIG. 3A shows two focus error 
signals (hereafter, referred to as FE) detected by the 
optical pickup 22 when the lens is moved up and down 
(in a case of two layers). FIGS. 3A to 3C show only an S 15 
shape of the FE original to the disk, among the +1 order 
light, the pseudo light and the 0 order light. That is, only 
the S shape of the FE generated by the 0 order light is 
shown in this embodiment. In FIG. 3A, a symbol N indi- 
cates a number at which the lens is moved up and 20 
down. As shown in FIG. 3B. T1 is a time required from a 
time point when an amplitude voltage of FEl firstly gen- 
erated since the up action of the lens exceeds a defined 
threshold (referred to as TH) stored in the ROM 39 of 
the multiple layer disk type of the reproducing appara- 25 
tus. until a time point when the lens is moved up to the 
maximum set position. 

T2 is a time required from a time point when an 
amplitude voltage of FE2 firstly generated since the 
down action of the lens exceeds the threshold TH. until 30 
a time point corresponding to an end of the S-shaped 
characteristics of the FE2. T3 is a time required from a 
time point when an amplitude voltage of a second FEl 
exceeds the threshold TH, until a time point when the 
lens is moved down to a set end position in the down 35 
action of the lens. In FIG. 3C. T4 is a time required for a 
tracking balance adjustment to be firstly performed 
described later. T5 is a time required for a tracking gain 
adjustment to be firstly performed. 

FIGS. 4A to 4C show operation time charts in a 40 
case that the optcal pickup 22 is moved to a second 
layer, similarly to the case of FIGS. 3A to 3C. T6 is a 
time required from a time point when the anrplitude volt- 
age of the FEl firstly generated since the up action of 
the lens exceeds the defined TH stored in the ROM 39 45 
of the multiple-layer disk type of the reproducing appa- 
ratus, until a time point conesponding to an erxJ of the 
S-shaped characteristics of the FEl. 

T7 is a time required from a time fjoint when an 
amplitude voltage of a second focus error signal FE2 so 
exceeds the threshold TH, until a time point when the 
lens is moved up to the maximum set position. T8 is a 
time required from a time point when the amplitude volt- 
age firstly generated since the down action of the lens 
exceeds the threshold TH, until a time point when the ss 
lens s moved down to the set end point in the down 
action of the lens. In FIG. 4C, T9 is a time required for a 
tracking balance adjustment to be performed for the 
second layer. T10 is a time required for a tracking gain 



adjustment to be performed for the second layer. 

The operation of the first embodiment according to 
the present invention is explained with reference to flow 
charts shown in FIGS. 5 and 6. At first, it is judged at a 
step SI whether or not the optical disk is set. If the opti- 
cal disk is set, various data set when previously repro- 
ducing the optical disk is initialized at a step S2. That is, 
values of counters and timers (which are not shown) are 
reset which are incorporated within the multiple-layer 
disk type of the reproducing apparatus used from now. 

A disk discrimination of varioi^ disks is performed 
at a step S3. The operation of the disk discrimination is 
explained with reference to flow charts in FIGS. 12 and 
13 described later in detail. The lens is moved down to 
a defined position at a step S4. A number that the lens 
is repeated to be moved up and down is counted at a 
step S5. Each time the lens is moved up or down, one is 
added to the number. A value of N at that time is stored 
in an RAM 42. The lens is moved up at a defined speed 
at a step S6. A defined threshold (referred to as TH), 
which is stored in advance in the ROM 39 of the multi- 
ple-layer disk type of the reproducing apparatus, is com- 
pared with the obtained FE value at the step S6. In a 
case that the FE value is not obtained (step S7: NO), 
the operation flow returns to the step S6. The lens is 
continued to be moved up at the defined speed. If the 
otJtained FEl complies with FEI^TH (step S7: YES), 
the operation flow proceeds to a step SB. The timer 
starts a counting operation for the time T1 . 

Next, the maximum amplitude value FEp-p of the 
FEl at N = a first time is taken in at a step S9, and 
stored in the RAM 42. At a step S10. it is judged 
whether or not the courrted time by the timer exceeds 
the defined time T1 . If it is judged that the counted time 
does not exceed the defined time T1 (Step S10 ; NO), 
the lens is continued to be moved up until the counted 
time by the timer reaches the defined time T1. If it 
reaches the defined time T1 (Step SIC ; YES), the oper- 
ation flow proceeds to a step S1 1 , one is added to the 
N, and further the lens is moved down at a step S12. 
Next, the operation flow proceeds to a step Si 3. and it 
is judged whether or not the FE value in the second 
layer obtained when the lens is moved down is equal to 
or more than the threshold TH. If the FE value is equal 
to or less than the threshold TH (Step S13 ; NO), this 
indicates that the FE resulting from the 0 order light is 
not obtained yet in the output of the RF Amp 23. Thus, 
the operation flow returns to the step SI 2, and the lens 
is continued to be moved down. If the FE value exceeds 
the threshold TH (Step S13 ; YES), the operation flow 
proceeds to a step S14, and this causes the timer to 
start the counting operation for the defined time T2. 

In a case where it is judged at a step Si 5 that the 
counted time T by the timer reaches the defined time T2 
(step Si 2: YES), the operation flow proceeds to a step 
Si 6. and the FE value equal to or more than the thresh- 
old TH is detected. The FE value detected at this step 
indicates the FE1 of the first layer when the lens is 
moved down. At a time point when an amplitude value 
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of the FE1 crosses the TH level, this causes the timer to 
start the counting time for the defined time T3 (Step 
SI 7). Next, the maximum amplitude value FEp-p o1 the 
FE1 at N s= a second time is taken in at a step S18, and 
stored in the RAM 42. Then, at a step 81 9. it is judged $ 
whether or not the counted time T by the timer exceeds 
the defined time T3. If it exceeds the defined time T3 
(step SI 9: YES), the operation flow proceeds to a step 
S20, and the number N that the lens is moved up and 
down is monitored. If the number N is less than 4 (Step w 
S20 ; NO), the operation flow returns to the step S5. and 
then the maximum amplitude value of the FE1 associ- 
ated with the up and down action of the lens is contin- 
ued to be taken in. 

On the other hand, if the number N exceeds 4 (Step is 
S20 ; YES), the operation flow proceeds to a step S21. 
and the focus gain is adjusted for the first layer. At this 
time, the adjusted gain value is determined by the max- 
imum amplitude value of the FE1 , in the up and down 
action of the lens, which is stored in the RAM 42 at the 20 
steps S9 and Si 8. For example, in a case that the up 
and down action of the lens is performed four times, the 
maximum amplitude values of the FE1 s of the four sam- 
ples are stored in the RAM 42. Thus, an average value 
of these maximum amplitude values of the four samples 25 
is calculated, and then the servo gain is set such that 
this average value becomes a predetermined amplitude 
value. Incidentally, the example in which the number of 
the up and down actions of the lens is 4 is explained in 
this embodiment. However, it is not limited to this 30 
number. So, it is possible to properly change the 
number as the occasion demands. 

Next, after the lens is moved up to a position at 
which the FEI in the first layer is adjacent to a zero- 
cross point (Step S22). a servo close signal is outputted 35 
by the servo corrtroller 38. The PWM 29 generates a 
pulse signal for driving a focus coil on the basis of the 
output signal from the FGA 27. that is. the focus error 
signal, corresponding to the servo close signal output- 
ted by the servo controller 38. In this way, since the 40 
PWM 29 becomes active, a focus servo loop is made 
close (Step S23). Then, the operation flow proceeds to 
a step S24, and this causes the timer to start the count- 
ing time for the defined lime T4. Next, in order to detect 
a center level (TRCL) of the tracking error (TE) signal, 45 
for example, the maximum peak value and the minimum 
peak value of the TE signal are taken in, and a differ- 
ence thereof is calculated. 

This difference is corresponding to an offset 
amount from a zero level of the TE signal center, that is. so 
a balance drift amount in a differential circuit and the like 
for gena-ating the TE signal. In this emtxxiiment, these 
offset amounts are obtained for a plurality of samples, 
and an averaged amount thereof is assumed to be the 
center level of the TE signal (Step S25). The defined ss 
time T4 is set to a time at which tiie sanrple value of the 
TE signal enough to detect the average center level can 
be taken in. This detecting operation of the center level 
of the TE signal is repeated until the counted time by the 



timer reaches the defined time T4 at a step S26 (NO). In 
a case that the counted time by the timer exceeds the 
defined time T4 at the step S26 (YES), the operation 
flow proceeds to a step S27. Then, a tiacking balance is 
adjusted through tiie TRBL circuit 43 such that tiie 
TRCL becomes the zero level on the basis of the offset 
amount determined at the step S25. 

Next, the operation flow proceeds to a step S28, 
and this causes the timer to start the counting operation 
for tiie defined time T5. Next, the operation flow pro- 
ceeds to a step S29, and tiie TEp-p is taken in which is 
tiie maximum anrplitude value of the TE signal. This 
take-in operation is repeated until the counted time T by 
the timer reaches the defined time T5 (Step S30: NO). 
At this time, an averaging process is performed for the 
maximum amplitude values which are repeatedly taken 
in. In a case that the counted time T by the timer 
exceeds the defined time T5 at the step S30 (YES), tiie 
operation flow proceeds to a step S31 , and the bracking 
gain is adjusted. The gain value to be adjusted is deter- 
mined by the maximum averaged amplitude value of the 
TE signals determined at the step S29. That is, the 
servo gain is set such that the maximum averaged 
amplitude value becomes a predetermined amplitude 
value. Next, the operation flow proceeds to a step S32, 
and tile servo close signal is outputted by the servo con- 
troller 38 such that the tracking servo loop is made 
dose. The PWM 36 generates a pulse signal for driving 
a tracking coil on the basis of the output signal ti-om the 
TGA 34, that is, the tracking error signal, corresponding 
to the servo dose signal outputted by \he servo control- 
ler 38. 

In this way. since the PWM 36 becomes active, the 
tracking servo loop is made close. Next, the operation 
flow proceeds to a step S33 in FIG. 6. Then, tiie various 
adjustmerrt values (the maximum amplitude value of the 
focus error signal, the adjustment value of the focus 
gain, the center level of the tracking error signal, the 
adjustment value of the tracking balance, the maximum 
amplitude value of the tracking error signal, the adjust- 
ment value of the tracking gain and tiie like) in relation 
to the focus servo arKi the tracking servo to the first 
layer determined at the steps S1 to S32 are stored in 
predetermined addresses to store the information of the 
first layer in the RAM 42. Incidentally, the example of 
setting the servo gain has been explained in this 
embodiment. However, it is possible to change the gain 
as well as an equalizer value corresponding to each of 
the record layers to thereby optimize it. At this time, the 
equalizer value is also stored in the RAM 42. 

Next, the operation flow proceeds to a step 834, 
and parameters, counter values and the like are initial- 
ized which are used to determine the defined values to 
the first layer. Next, the operation flow proceeds to a 
step S35. and tine lens is moved down to a defined posi- 
tion. Then, one is added to the value N indicative of tiie 
repetition number of the up or down actions of the lens, 
and tiie lens is moved up at the defined speed (Steps 
S36 and S37). Next, at a step 838. it is judged whetiier 
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or not the FE value complying with the condition of 
FEI^TH is obtained similarly to the step S7. If rt is not 
obtained (Step S38 ; NO), the operation flow returns to 
the step S37, and the lens is continued to be moved up. 

On the other hand, if the FE value is obtained (Step s 
838 : YES), the operation flow proceeds to a st^ S39, 
and this causes the timer to start the counting operation 
for the defined time T6. After the elapse of the defined 
time T6 at a step S40 (YES), the operation flow pro- 
ceeds to a step S41 , and it is performed to detect the FE io 
value equal to or more than the threshold TH. 

The FE value detected at this step S41 indicates 
the FE2 of the second layer when the lens is moved up. 
At a time point when an amplitude value of the FE2 
crosses the TH level, this causes the timer to start the is 
counting operation for the defined time T7 (Step S42). 
Next, the maximum amplitude value FEp-p of the FE2 at 
N = a first time is read out and taken in at a step S43, 
arrd stored in the RAM 42. Then, at a step S44. it is 
judged whether or not the counted time by the timer 20 
exceeds the defined time T7. If it is judged that the 
counted time does not exceed the defined time T7 (Step 
S44 ; NO), the lens is continued to be moved up until the 
counted time by the timer reaches the defined time T7. 
If it reaches the defined time T7 (Step S44 ; YES), the 25 
operation flow proceeds to a step S45. and one is 
added to the N. Further, the lens is moved down at a 
step S46. 

Next, the operation flow proceeds to a step S47, 
and It is judged whether or not the FE value in the sec- 30 
ond layer determined when the lens is moved down is 
equal to or more than the threshold TH. If the FE value 
is equal to or less than the threshold TH (Step S47 ; 
NO), this Indicates that the FE resulting from tiie 0 order 
light is not obtained yet in the output of tiie RF Amp 23. 35 
Thus, the operation flow returns to the step S46, and the 
lens is continued to be moved down. If the FE value 
exceeds the threshold TH (Step S47 ; YES), the opera- 
tion flow proceeds to a step S48. This causes the timer 
to start the counting operation for the defined time T8. 4o 
Then, the maximum amplitude value FEp-p at N = a 
second time is taken in at a step S49, and stored in the 
RAM 42. At a step S50. it is judged whetiier or not the 
counted time T by the timer exceeds the defined time 
T8. If it exceeds the defined time T8 (step S50: YES), 45 
the operation flow proceeds to a step S51 , and the 
number N that the lens is moved up and down is moni- 
tored. If the number N is less than 4 (Step S51 ; NO), 
the operation flow returns to the step S36, and then the 
maximum amplitude value of the FE2 associated with so 
the up and down action of the lens is continued to be 
taken in. 

On the other hand, if the number N exceeds 4 (Step 
S51 : YES), the operation flow proceeds to a step S52, 
and the focus gain is adjusted for the second layer. At ss 
this time, the adjusted gain value is determined by the 
maximum amplitude value of the FE2. in the up and 
down action of the leis. which is stored in the RAM 42 
at the steps S43 and S49. For example, in a case that 



the up and down action of the lens Is performed four 
times, tiie maximum amplitude values of the FEIs of the 
four samples are stored in the RAM 42. Thus, an aver- 
age value of the maximum amplitude values of the four 
samples is calculated, and then the servo gain is set 
such that this average value becomes a predetermined 
amplitude value. 

Next, after the lens is moved up (step S53) to a 
position at which the FE2 of the second layer Is adjacent 
to a zero-cross point, the servo close signal is outputted 
by the servo controller 38 (Step S54). The PWM 29 gen- 
erates the putse signal for driving the focus coil on the 
basis of tiie output signal from the FGA 27. that is. tiie 
focus error signal, corresponding to the servo close sig- 
nal outputted by the servo controller 38. In this way, 
since the PWM 29 becomes active, the focus servo loop 
is made close (Step S54). Then, the operation flow pro- 
ceeds to a step S55, and tiiis causes the timer to start 
the counting operation for the defined time T9. Next, in 
order to detect tiie center level (TRCL) of the tracking 
error (TE) signal, for example, the maximum peak value 
of the TE signal is taken in. and a difference thereof is 
calculated. This difference is corresponding to the offset 
amount from the zero level of the TE signal center, that 
is, the balance drift amount in the differential circuit for 
generating the TE signal. 

In this embodiment these offset amounts are deter- 
mined for a plurality of samples, and the averaged 
amount thereof is assumed to be the center level of tiie 
TE signal (Step S56). The defined time T9 is set to ttie 
time at which the sample values of the TE signal 
enough to detect the average center level can be taken 
in. This detecting operation of the center level of tiie TE 
signal is repeated until the counted time by tiie timer 
reaches the defined time T9 at a step S57. In a case 
that the counted time by the timer exceeds the defined 
time T9 at the step S57 (YES), the operation flow pro- 
ceeds to a step S58. and then the tracking balance is 
adjusted tiirough tiie TRBL circuit 43 such tiiat tiie 
TRCL becomes the zero level on the k>asis of the offset 
amount determined at tiie step S56. 

Next, the operation flow proceeds to a step 859. 
and this causes the timer to start the counting operation 
for the defined time T10. Next, the operation flow pro- 
ceeds to a step S60. and tiie TEp-p is taken in which is 
the maximum amplitude value of the TE signal This 
take-in operation is repeated until the counted time T by 
the timer reaches tiie defined time T10 (Step 861). At 
this time, the averaging process is performed for the 
maximum amplitude values which are repeatedly taken 
in. In a case that the counted time T by the timer 
exceeds the defined time T10 at tiie step 861 (YES), 
the operation flow proceeds to a step 862, and the 
tracking gain is adjusted. The gain value to be adjusted 
is determined by tiie maximum averaged amplitude 
value of the TE signals determined at tiie step 860. That 
is. the servo gain is set such that tiie maximum aver- 
aged amplitude value Is tiie predetermined amplitude 
value. 
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Next, the operation flow proceeds to a step S63. 
and the servo close signal is outputted by the servo con- 
troller 38 such that the tracking servo loop is made 
close. The PWM 36 generates the pulse signal for driv- 
ing the tracking coil on the basis of the output signal 5 
from the TGA 34, that is, the tracking error signal, corre- 
sponding to the servo close signal outputted by the 
servo controller 38. In this way. since the PWM 36 
becomes active, the tracking servo loop is made close. 
Next, the operation flow proceeds to a step 364. Then, 70 
the various adjustment values (the maximum amplitude 
value of the focus error signal, the adjustment value of 
the focus gain, the center level of the tracking eiror sig- 
nal, the adjustment value of the tracking balance, the 
maximum amplitude value of the tracking en'or signal, is 
the adjustment value of the tracking gain and the like) in 
relation to the focus servo and the tracking servo to the 
second layer determined at the steps S34 to S63 are 
stored in predetermined addresses to store the informa- 
tion of the second layer in the RAM 42. 20 

Thanks to the operations at the steps S33 to S64. 
the adjustment values in relation to the optimal focus 
servo for the respective record layers in the two-layer 
disk are stored in predetermined addresses corre- 
sponding to the respective record layers in the memory 2s 
RAM 42. Next in order to transfer the pickup to a start 
position (for example, the innermost circumference 
track of the first layer) of the record information recorded 
on the two-layer disk, after reading out the adjustment 
values of the first layer stored in the predetermined 30 
addresses of the RAM 42 (Step S65), a focus jump 
operation is performed at a step S66. That is. a focal 
position of the reading beam is shifted from the record 
layer of the second layer to that of the first layer, or from 
the record layer of the first layer to that of the second 35 
layer. The initial operation (setup operation) to the two- 
layer disk 20 loaded on the reproducing apparatus is 
completed in accordance with the above mentioned 
operations (step S67). 

Incidentally, the focus jump operation is performed 40 
as described below. At first, the tracking servo loop is 
made close. Then, the focus servo loop is made open. 
After the lens is forced to be transferred in a focus direc- 
tion (a direction vertical to the disk record surface) by a 
predetermined length (a distance between the laya-s). 4S 
the closing action of the focus servo is performed. The 
closing action of the tracking servo is successively per- 
formed, and the pickup Is moved to search to a desired 
track as the occasion demands. In this way, after the 
focus servo and the tracking servo are once made open so 
in conjunction with the focus jump, when they are again 
made close, the adjustment values are used which cor- 
respond to the record layer of a jumped destination read 
out from the RAM 42. Thus, even during reproducing, in 
a case of performing the junnp operation from the record 55 
layer in the first layer to that in the secorxJ layer or the 
record layer in the second layer to that in the first layer, 
it is possible to read out the various adjustment values 
conresponding to the record layer at the jumped destina- 



tion from the RAM 42 prior to the jump operation to 
thereby adjust the servo gain on the basis of the read 
adjustment values in the servo closing operation after 
the jump operation. As a result, it is possible to quickly 
perform the stable servo control. 

[IV] Second Emtxxilment of the Invention 

In a second embodiment of the present invention, 
focus error signals are successively extracted, which 
are generated from the first and second layers, among 
focus error signals generated by applying the UP or 
DOWN operation to the objective lens while emitting 
light beams to the one-sided two- layer disk loaded on 
the disk loading surface of the reproducing apparatus. A 
gain value is set for a focus servo on the t>asis of each 
of these focus error signals. After that, a gain value set- 
ting Is performed for a tracking servo on the basis of a 
tracking error signal of the first layer. Next, a focus jump 
is performed to the second layer, and again value set- 
ting is performed for a tracking servo on the basis of a 
tracking error signal of the second layer. The above 
mentioned operation is also performed as a setup (initial 
setting) operation prior to the actual reproduction oper- 
ation. 

An operation of the second embodiment according 
to the present irrvention is explained with reference to 
the block diagram of FIG. 1. operation time charts in 
FIGS. 7A to 7C and flow charts of FIGS. 8 and 9. 

At first, FIG. 7A shows two focus error signals (FE) 
detected by the optical pickup 22 when the lens is 
moved up and down (In a case of two layers). In FIG. 
7A, a symbol N indicates a number at which the lens is 
moved up and down. As shown In FIG. 7A, T1 is a time 
required from a time point when the amplitude voltage 
of FE1 (of the first layer) firstly generated since the up 
action of the lens exceeds a defined threshold TH 
stored in tiie ROM 39 of the multiple layer disk type of 
the reproducing apparatus, until a time point corre- 
sponding to an end of the FEI. T2 is a time required 
from a time point when an amplitude voltage of the FE2 
(of the second layer) exceeds the threshold TH. until a 
time point when the lens Is moved up to the maximum 
set position. 

T3 is a time required from a time point when the 
amplitude voltage of the FE2 (of the second layer) 
exceeds the threshold TH until a time point correspond- 
ing to an end of the S-shaped characteristics of the FE2, 
as for the case of moving down the lens. T4 is a time 
required from a time point when the amplitude voltage 
of tiie FE1 (of tiie first layer) exceeds the threshold TH. 
until a time point when the lens is moved down to the 
nr«ximum set position. In FIG. 7B, T5 Is a time required 
for a tracking balance adjustment to be firstly performed 
for the first layer, and T6 is a time required for a tracking 
gain adjustment for the first layer. Similarly in FIG. 7C. 
T7 is a time required for a tracking balance adjustment 
for the second layer, and T8 is a time required for a 
tracking gain adjustment for the second layer. 
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The operation of the second embodiment according 
to the present invention is explained with reference to 
flow charts shown in FIGS. 8 and 9. 

At first, it is judged at a step S101 whether or not 
the optical disk is set. If the optical disk is set (step s 
S101: YES), various data set when previously repro- 
ducing the optical disk is initialized at a step SI 02. That 
is, values of counters and timers (which are not shown) 
are reset which are incorporated within the multiple- 
layer disk type of the reproducing apparatus used from io 
now. 

A disk discrimination of various disks is performed 
at a step 8103. The operation of the disk discrimination 
is explained later in detail. The lens is moved down to a 
defined position at a step 81 04. Then, the lens is moved is 
up at a defined speed at a step S1 05. At a step 8106, a 
number N that the lens is repeated to be moved up and 
down is counted, and a number M that the FE is taken 
in is counted. Then, at a step 8107, a defined threshold 
TH, which is stored in advance in the ROM 39 of the so 
multiple- layer disk type of the reproducing apparatus, is 
compared with the obtained FE value. In a case that the 
FE value is not obtained (step 8107: NO), the lens is 
continued to be moved up. If the obtained FE1 complies 
with FE1 ^TH (step 8107: YES), the operation flow pro- 25 
ceeds to a step 8108. The timer starts a counting oper- 
ation for the timeTI. 

This counting operation in the timer for the defined 
time T1 is started at a time point when the amplitude of 
the FE1 crosses (exceeds) the TH level. The defined 30 
time T1 is set in the ROM 39 etc. in advance as a time 
until the first FE is finished. Next, the maximum ampli- 
tude value FEp-p of the FE of the first layer is taken in at 
a step 8109, and stored in the RAM 42. At a step 81 10, 
it is judged whether or not the counted time by the timer 35 
exceeds the defined time T1. If it is judged that the 
counted time does not exceed the defined time T1 (Step 
8110 ; NO), the lens is continued to be moved up until 
the counted time by the timer reaches the defined time 
T1 . If it reaches the defined time T1 (Step 81 10 ; YES). 4o 
the operation flow proceeds to a step Sill. One is 
added to the number M, and the operation flow pro- 
ceeds to a step 81 12. Then, it is judged whether or not 
the FE value of the second layer is equal to or more than 
the threshold TH. If the FE value is less than the thresh- 45 
old TH (Step Si 12 ; NO), the moving up operation of the 
lens is continued until the FE value exceeds the thresh- 
old TH. If the FE value exceeds the threshold TH (Step 
8112 ; YES), the operation flow proceeds to a step 
8113. 50 

At a step 81 13. the timer starts the counting opera- 
tion for the defined time T2. Then, the maximum ampli- 
tude value FEp-p of the FE of the second layer is taken 
in at a step 8114. and stored in the RAM 42. At a step 
81 1 5. it is judged whether or not the counted time by the 55 
timer exceeds the defined time T2. In a case where it is 
judged at the step 81 15 that the counted time T by the 
timer reaches the defined time T2 (step 81 1 5: YES), the 
operation flow proceeds to a step S1 16. and the lens is 



moved down. Then, one is added to each of the num- 
bers N and M at a step 81 1 7. Next, at a step 81 18, it is 
judged whether or not the FE value of the second layer 
is equal to or more than the threshold TH. If the FE 
value is less than the threshold TH (step 81 18: NO), it is 
continued to move down the lens until the FE value 
exceeds the threshold TH. If the FE value exceeds the 
threshold TH (step S1 18: YES), the operation flow pro- 
ceeds to a step 81 19. and the timer starts the counting 
operation for the defined time T3. Then, the maximum 
amplitude value FEp-p of the FE of the second layer is 
taken in. and stored in the RAM 42 at a step 8120. 
Then, at a step 8121, it is judged whether or not the 
counted time T by the timer exceeds the defined time 
T3. If it exceeds the defined time T3 (step 8121: YES), 
the operation flow proceeds to a step 8122. and one is 
added to the number M. 

Next, at a step Si 23. it is judged whether or not the 
FE value of the first layer is equal to or more than the 
threshold TH. If the FE value is less than the threshold 
TH (step 8123: NO), it is continued to move down the 
lens until the FE value exceeds the threshold TH. if the 
FE value exceeds the threshold TH (step 8123: YES), 
the operation flow proceeds to a step 8124. and the 
timer starts the counting operation for the defined time 
T4. Then, the maximum amplitude value FEp-p of the 
FE of the first layer is taken in. and stored in the RAM 42 
at a step 8125. Then, at a step 8126, it is judged 
whether or not the counted time T by the timer exceeds 
the defined time T4. If it exceeds the defined time T4 
(step 8126: YES), the operation flow proceeds to a step 

8127, and the number N that the lens Is repeated to be 
moved up and down is monitored. If the number N is 
less tiian 4 (step 8127: NO), the operation flow returns 
to the step 8105. 

On the other hand, if the number N exceeds 4 (Step 
8127 ; YES), the operation flow proceeds to a step 

8128, and the focus gains are adjusted for the first and 
second layers. Then, at a step 8129. the adjusted focus 
gains for the first and second layers are stored imo the 
RAM 42. After that, the lens is moved up at a step S30. 
Then, at a step 831 . the PWM 29 generates a pulse sig- 
nal for driving a focus coil on the basis of the output sig- 
nal from the FGA 27, and the focus servo loop is made 
dose by the servo controller 38. 

Then, the operation flow proceeds to a step 8132, 
and this causes the timer to start the counting time for 
the defined time T5. Next, in order to detect a center 
level (TRCL) of the tracking error (TE) signal, for exam- 
ple, the maximum peak value and the minimum peak 
value of the TE signal are taken in, and a difference 
thereof is calculated (step 8133) in FIG. 9. This differ- 
ence is corresponding to an offset amount from a zero 
level of the TE signal center, that is, a balance drift 
amount in a differential circuit and the like for generating 
the TE signal. 

In this embodiment, these offset amounts are 
obtained for a plurality of samples, and an averaged 
amount thereof is assumed to be the center level of the 



14 

BNSOCCID: <EP 08079S6A1J_> 



27 



EP 0 807 926 A1 



28 



TE signal (Step Si 33). The defined time T5 is set to a 
time at which the sample value of the TE signal enough 
to detect the average center level can be taken in. This 
detecting operation of the center level of the TE signal is 
repeated until the counted time by the timer reaches the 5 
defined time T5 at a step S134 (NO). In a case that the 
counted time by the timer exceeds the defined time T5 
at the step Si 34 (YES), the operation flow proceeds to 
a step 3135. Then, a tracking balance is adjusted 
through the TRBL circuit 43 such that the TRCL w 
becomes the zero level on the basis of the offset 
amount determined at the step SI 33. 

Next, the operation flow proceeds to a step 81 36* 
and this causes the timer to start the counting operation 
for the defined time T6. Next, the operation flow pro- is 
ceeds to a step Si 37, and the TEp-p is taken in which is 
the maximum amplitude value of the TE signal. This 
take-in operation is repeated until the counted time T by 
the timer reaches the defined time T6 {Step S138: NO). 
At this time, an averaging process is performed for the 20 
maximum amplitude values which are repeatedly taken 
in. In a case that tiie counted time T by the timer 
exceeds the defined time T6 at the step S138 (YES), 
the operation flow proceeds to a step S139, and the 
tracking gain is adjusted. The gain value to be adjusted 25 
is determined by the maximum averaged amplitude 
value of the TE signals determined at the step 8137. 
That is. the servo gain is set such tiiat the maximum 
averaged amplitude value becomes a predetermined 
amplitude value. Next, the adjusted tracking gain for the 30 
first layer is stored into the RAM 42 at a step 8140. 
Then, the focus jump operation is performed at a step 
8141, That is, a focal position of the reading beam is 
shifted from the record layer of the first layer to that of 
the second layer. 35 

Next, after the lens is moved up to a position at 
which tile FE2 of the second layer is adjacent to a zero- 
cross point, the servo close signal is outputted by the 
servo controller 38 (Step 8142). The PWM 29 gener- 
ates the pulse signal for driving the focus coil on the 40 
basis of tiie output signal from the FQA 27, tiiat is, the 
focus error signal, corresponding to the servo close sig- 
nal outputted by the servo controller 38. In this way. 
since the PWM 29 becomes active, the focus servo loop 
is made close (Step 8142). Then, the operation flow 45 
proceeds to a step Si 43. and this causes the timer to 
start the counting operation for the defined time T7. 
Next, in order to detect the center level (TRCL) of the 
tracking error (TE) signal, for example, tiie maximum 
peak value of tiie TE signal is taken in. and a difference so 
thereof is calculated. This difference is corresponding to 
the offset amount from the zero level of the TE signal 
center, that is, the balance drift amount in the differential 
circuit for generating tiie TE signal. 

In this embodiment, these offset amounts are deter- ss 
mined for a plurality of samples, and the averaged 
amount ttiereof is assumed to be the center level of the 
TE signal (Step 8144). The defined time T7 is set to the 
time at which the sample values of the TE signal 



enough to detect the average center level can be taken 
in. This detecting operation of the center level of the TE 
signal is repeated until the counted time by the timer 
reaches the defined time T7 at a step 8145. In a case 
that the counted time by tiie timer exceeds tiie defined 
time T7 at tiie step 81 45 (YES), ttie operation flow pro- 
ceeds to a step 8146, and then the tracking balance is 
adjusted through the TRBL circuit 43 such that the 
TRCL becomes the zero level on the t>asis of the offset 
amount determined at the step 81 44. 

Next, the operation flow proceeds to a step 8147. 
arxj this causes tiie timer to start the counting operation 
for the defined time T8. Next, tiie operation flow pro- 
ceeds to a step 8148, and the TEp-p is taken in which is 
the maximum amplitude value of tiie TE signal. This 
take-in operation is repeated until tiie counted time T by 
the timer reaches the defined time T8 (Step 8149). At 
this time, the averaging process is performed for the 
maximum amplitude values which are repeatedly taken 
in. In a case that the counted time T by the timer 
exceeds the defined time T8 at the step 849 (YES), the 
operation flow proceeds to a step Si 50. and the track- 
ing gain is adjusted. The gain value to be adjusted is 
determined by the maximum averaged amplitude value 
of the TE signals determined at the step 8148. That is. 
the servo gain is set such that the maximum averaged 
amplitude value is the predetermined amplitude value. 
Next, the operation flow proceeds to a step 8151 , and 
the servo close signal is outputted by the servo control- 
ler 38 such that the facking servo loop is made close. 
The PWM 36 generates the pulse signal for driving the 
tracking coil on the basis of tiie output signal from the 
TGA 34, that is, the tracking error signal, corresponding 
to the servo dose signal outputted by tiie servo control- 
ler 38. 

In tills way, since the PWM 36 becomes active, the 
tracking servo loop is made close. Next, at a step 8152, 
the adjusted tracking gain for the second layer is stored. 
Finally, the setup of tiie multiple layer disk substrate is 
ended (step 853). 

In the secofKl embodiment, although the explana- 
tions have been made for a case where only the gains 
for focusing and tracking are adjusted and stored, it is 
also possit)le in the second embodiment that the equal- 
izer values etc. can be adjusted and stored in the same 
manner as the first embodiment. 

In tills way, according to the second embodiment, it 
is possible to more speedily set the gain value than the 
first embodiment, since the focus error signals for 
obtaining the loop gain value of the focus servo loop of 
each layer are all taken in by one up and down move- 
ment of the lens. 

[V] Third Emtxxliment of the Invention 

Although the focus jump is performed to tiie second 
layer in order to extract the tracking error signal of the 
second layer in the case of the second embodiment of 
the presem invention, a third embodiment of tiie present 
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invention is a method of setting the focus and tracking 
gain values in the first and second layers without per- 
forming the focus jump. 

The third embodiment of the present invention is 
explained with reference to the block diagram of FIG. 1 5 
and the flow charts of FIGS. 8 to 10. 

In the third embodiment, the steps S101 to S132 in 
FIG. 8 and the steps SI 33 to Si 40 in FIG. 9 as for the 
processes of adjusting the focus gain value for the first 
layer, the focus gain value for the second layer and the io 
tracking gain value for the first layer in the second 
embodiment are performed at first- 
Rom the step 3140 of FIG. 9, the operation flow 
proceeds to a step S241 in FIG. 10. In FIG. 10, the 
same steps as those in FIG, 9 carry the same reference is 
numerals and the explanations thereof are omitted. 

At a step S241 , the servo controller 38 determines 
a ratio of the average value of the maximum amplitude 
values of the focus en^ors of the first layer to the average 
value of the maximum amplitude values of the focus 20 
errors of the second layer, for example, among the FEp- 
p values taken in at the steps S109, 8114. S120 and 
Si 25. Then, it is stored in the RAM 42 as a value A. 
Next, at a step S242. the tracking gain for the second 
layer is calculated by multiplying the value A stored at 25 
the step S241 by the tracking gain value for the first 
layer, and is stored in the RAM 42 as the tracking gain 
value for the second layer at a step 3243. 

As mentioned above, since the tracking gain for the 
second layer is determined on the basis of the ratio of 30 
the amplitude values of the focus errors in the respec- 
tive layers, it is possible to save the adjusting time for 
the tracking gain for the second layer. Although the ratio 
is calculated on the basts of the amplitude values of the 
focus errors in the respective layers in this embodiment, 35 
it is naturally possible to get the same effect, even if cal- 
culating the ratio from the values of the focus gains in 
the respective layers stored at the step S129. 

Although the third embodiment of the present 
invention has been explained as the variation of the sec- 40 
ond emkxxjimertt. the method of the third emtxxliment 
of the present invention can be also applied to the first 
emlxxliment of the present invention. That is, after the 
focus jump is performed to the second layer, the focus 
error signal obtained from the second layer is extracted. 45 
and the gain is set. After that the method of the third 
embodiment of the present invention can be used in the 
tracking. 

[VI] Disk Discrimination Method of the Invention so 

The disk discrimination method used in the above 
mentioned flow charts is represented by a lens 
exchanging type of a disk discrimination method shown 
in a f tow chart of FIG. 1 1 . and by a disk discrimination ss 
method of using a bifocal lens shown in a flow chart of 
FIG. 12. 



(1) Lens Exchanging Type of Disk Discrimination 
Method 

At first, in FIG. 11, a lens 1 is set to the optical 
pickup at a step 3301 . Next, at a step 3302, the lens is 
moved up to a defined position. After that, the lens is 
moved down at a defined speed at a step 3303. At a 
step 3304. a focus en-or signal is detected, and the 
obtained FE value is compared with a threshold TH1 
that is one of predetermined thresholds. If the obtained 
FE value exceeds the threshold TH1 (step S304: YES), 
the focus error signal is again detected at a step S305. 
At the step 3305. a threshold TH2 that is another one of 
the predetermined thresholds is compared with the FE. 
separately from the step 3304. 

The two thresholds THI and TH2 are defined on 
the basis of the difference between the maximum ampli- 
tude values of the FEs generated in the CD and the 
DVD at a time of using the lens 1 respectively That is, 
the threshold THI is used for the CD, and the threshold 
TH2 is used for the DVD. Therefore, in a case that the 
loaded optical disk is the DVD. it complies with a corKli- 
tion of FEs I THI | at the step 3304. On the other hand, 
if it does not comply with a condition of FE^ | TH2 | at 
the step 3305 (NO), it is discriminated as the CD. More- 
over, at a step 3306, it is required to set D = 2. and the 
operation flow proceeds to a step 3312. Then, the down 
action of the lens is stopped. If it complies with the con- 
dition of FEs I TH2 I at the step 3305 (YES), it is judged 
as the first layer of the DVD, and thereby 0 = 1 is set at 
a step 3307. After that, the timer T2 is set at a step 

3308. This timer T2 is set to this required value, since it 
waits for a time when the 3 shape in the first layer is 
completed, in a case of the multiple-layer disk. 

A generation time of the FE is monitored at a step 

3309. If the FE exceeding the threshold TH2 is again 
generated at a step 3310, it is discriminated as the two- 
layer disk at a step 3311 , and D = 3 is set. If it complies 
with a condition of T2^t at the step 3309 (YES), this 
means that there is no S shape of the FE in the second 
layer Thus, the operation flow proceeds to the step 
3312, and then the down action of the lens is stopped. 
The value D is checked at a step 3313 (YES), so that if 
D 1 , it is discriminated as a one-layer disk of 0.6 mm. 
Or. if D = 3 at the step 3313 (YES), it is discriminated as 
a two-layer disk of 0.6 mm. So. the disk discrimination is 
finished at a step 3315. If D = 2 at the step 3313 (NO), 
rt is discriminated as a 1 .2 mm disk. So. the lens 2 is set 
at a step 3314. and the disk discrimination is finished at 
the step 331 5. 

(2) Disk Discrimination Method When Using Bifocal lens 

FIG. 12 shows a disk discrimination method in a 
case of i^ng the bifocal lens. In FIG. 12. the lens is 
firstly moved up to a defined position at a step 3401. 
After that, the lens is moved down at a defined speed at 
a step 3402. At a step 3403. a focus error signal is 
detected, and the obtained FE is connpared with a 
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threshold TH1 that is one of predetermined thresholds. 
If the obtained FE value exceeds the threshold TH1 
(step S403: YES), the focus error signal is again 
detected at a step S404. At the step S404. a threshold 
TH2 that is one of the predetermined thresholds is com- 
pared with the FE. separately from the step S403. The 
two thresholds THI and TH2 are defined on the basis of 
the difference between the maximum amplitude values 
of the FEs generated by the 0 order light or the +1 order 
light in the CD and the DVD at a time of using the bifocal 
lens respectively. 

That is, the threshold THI is used for the CD, and 
the threshold TH2 is used for the DVD. Thus, in a case 
that the loaded optical disk is the DVD, it complies with 
the condition of FE^ | TH1 | at a step S403 (YES). If it 
does not connply with the condition of FE^ | TH2 | at a 
step S404 (NO), it is discriminated as the CD. At a step 

5405, it is required to set D = 2. and the operation flow 
proceeds to a step S41 1 . Then, the down action of the 
lens is stopped. If it complies with the condition of FE^ | 
TH2 I at the step S404 (YES), it is judged as the first 
layer of the DVD. and thereby D = 1 is set at a step 

5406. After that, the timer T2 is set at a step S407. This 
timer T2 is set to this required value, since it waits for 
the time when the S shape in the first layer is conopleted, 
in a case of the multiple-layer disk. 

A generation time of the FE is monitored at a step 
S408. If the FE exceeding the threshold TH2 is again 
generated at a step S409 (YES), it is discriminated as 
the two-layer disk at a step 8410, and D = 3 is set. If it 
complies with the condition of T2^t at the step 8409. 
this means that there is no S shape of the FE of the sec- 
ond layer. Thus, the operation flow proceeds to a step 
841 1. and then the down action of the lens is stopped. 
The value D is checked at a step 841 2. If D = 1 . It is dis- 
criminated as the one-layer disk of 0.6 mm. Or, if D = 3, 
it is discriminated as the two-layer disk of 0.6 mm. So. 
the disk discrimination is finished at a step 8412. 

The CD, the DVD (one-layer) and the DVD (two- 
layer) are discriminated by the above mentioned disk 
discrimination method. The DVD (two-layer) is used in 
this emtKxJiment, for example. 

[VII] Fourth Embodiment of the Invention 

A fourth embodiment of the present invention is a 
method of setting the focus and tracking gain values as 
well as the gain value for the RF signal. 

FIGS. 13 and 14 show flow charts in which the gain 
for the RF signal is adjusted, and show portions that are 
not included in the flow charts used in the first and sec- 
ond embodiments of the present invention. At first, the 
fourth embodiment is explained with reference to FIG. 
1 3. At a step 8501 , the focus gains for the first and sec- 
ond layers are automatically adjusted as indicated in the 
above mentioned embodiments. Then, the focus loop of 
the first layer is made close at a step 8502. After that, 
the tracking gain for the first layer is adjusted at a step 
S503. Then, the tracking loop is made close at a step 



8504. The maximum amplitude value of the RF signal of 
the first layer is taken in at a step 8505. The gain value 
is calculated by the RGA 48 and the servo controller 38, 
and stored in the RAM 42 at a step 8506. 

5 Next, the focus and tracking loops are made open 

at a step 8507. The operation flow proceeds to the sec- 
ond layer at a step 8508. Since operations at the steps 
8509 to 851 3 for the second layer are similar to those at 
the steps S503 to 8507 for the first layer, the explana- 

10 tions thereof are omitted. 

After that, the focus gain value, the tracking gain 
value and the RF gain value for the first layer stored in 
the RAM 42 are read out at a step 8514. Then, the 
focus is again made open and the jump is performed to 

75 the first layer at a step 8515. The focus and tracking 
loops are made close at a step S516. At a step 8517. 
the multiple-layer disk type of the reproducing appara- 
tus Is made in a play state so as to perform a reproduc- 
tion. If the reproduction of the loaded disk is completed 

20 or a stop commarxJ is issued at a step 8518 (YES), the 
operation is ended. On the other hand, when the stop 
command is not issued at the step 8518 (NO), and if a 
command to jump to another layer is issued at a step 
8519 (YES), the tracking and focus loops are made 

25 open at a step 8520. and the focus gain value, the track- 
ing gain value and the RF gain value for another layer 
are read out at a step 8521. Then, the jump to another 
layer is performed at a step 8522. and the operation 
flow returns to the step 851 7 so as to p^rm the play 

30 of the multiple-layer. If the play is completed (step 818: 
YES), the reproduction is ended. 

As mentioned above, since the gain values for the 
RF signals in the respective layers are also set and 
stored, it is possible to make the respective servos sta- 

35 ble at a time of reproducing to thereby accurately repro- 
duce the signal. 

[VIII] Fifth Embodiment of the Invention 

40 A fifth embodiment of the present invention is a 
method of taking in the maximum amplitude signal of 
the RF signal without making the tracking loop dose, as 
a modification of the fourth embodiment of the present 
invention. 

45 The fifth embodiment of the present invention is 
explained with reference to FIG. 14. Since operations at 
steps 8601 to 8603 are same as the steps 8501 to 503 
of FIG. 13, the explanations thereof are omitted. At a 
step 8604, the maximum amplitude value of the RF sig- 

50 nal of the first layer is read while the tracking open state 
is kept. Then, the gain is calculated by the RGA 48 and 
the servo controller 38. and stored in the RAM 42 at a 
step 8605. 

Next, the focus loop is made open at a step 8606. 
55 and the jump to the second layer is performed at a step 
8607. Since operations of steps 8608 to 8610 for the 
second layer are similar to those of steps 8603 to 8605 
for the first layer, the explanations thereof are omitted. 
After that, the focus loop s made open at a step 861 1 . 
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Then, the focus gain value, the tracking gain value and 
the RF gain value for the first layer stored in the RAM 42 
are read out at a step S61 2. The jump to the first layer is 
performed at a step S613, and the focus and tracking 
loops are made close at a step S614. Since operations 
at steps S615 to S620 are the same as to those at the 
steps S51 7 to S522 in FIG. 1 3. the explanations thereof 
are omitted. 

As mentioned above, in the fifth emkxxliment of the 
present invention, the maximum amplitude values of the 
RF signals in the respective layers are taken in while the 
tracking is kept in the open state. Thus, the adjustment 
time is shorter than that of the fourth embodiment of the 
present invention to thereby make the setting operation 
quicker. 

[IX] Sixth Embodiment of the Invention 

A sixth embodiment of the present invention is a 
method of preparing and storing a set value of the gain 
value for the RF signal for each disk and each layer in 
advance, as a modification of the fifth embodiment of 
the present invention. 

The sixth embodiment of the present invention is 
explained with reference to FIG. 15. Since operations at 
steps S701 to S703 are the same as those at the steps 
S601 to 603 of FIG. 14. the explanations thereof are 
omitted. At a step S704. the gain value for the RF signal 
of the first layer is read and set, which is stored in the 
ROM 39 in advance as defined value for each disk and 
each layer. The focus loop is made open at a step S705. 
and the jump to the second layer is performed at a step 
S706. After the tracking gain is adjusted at a step S707. 
the gain value for the RF signal of the second layer is 
read and set, which is stored in the ROM 39 in advance, 
similarly to the case of the first layer, at a step S708. 
The foci^ loop is made open at a step S709, and the 
jump to the first layer is performed at a step 871 0. Then, 
the focus gain value, the tracking gain value and the RF 
gain value for the first layer stored in the RAM 42 are 
read out at a step 871 1 . Then, the focus and tracking 
loops are made close at a step 8712. Operations on 
and after a step 8713 are the same as those at the 
steps 8615 to 8620 in FIG 14. Thus, the explanations 
thereof are omitted. 

As mentioned above, in the sixth embodimertt of the 
present invention, the gain value for the RF signal is 
prepared and stored as a set value for each disk and 
each layer in advance. Thus, the adjustment time is 
shorter than that of the fifth embodiment of the present 
invention to thereby make the setting operation quicker. 

Although the example of adjusting the focus and 
tracking gains as well as the RF gain has been 
explained in the emtxxJiments. it is naturally possible to 
adjust only the RF gain. Further, it is allowable to: 
extract a signal in a pjarticular frequency band, for exam- 
ple, 3T (minimum time width) through the RGA 48 and 
the servo controller 38 or extract only the 3T through the 
BPF (Band Pass Fifter); perform an A/D conversion 



thereof; take in a level of tiie 3T; send it to the RGA 48; 
and make the level of at least the 3T frequency up, so as 
to simultaneously perform the equalizer adjustment or 
perform only the equalizer adjustment. Accordingly, this 
5 enables an eye pattern of the RF signal to be open, and 
a proper spindle servo to be performed, to thereby 
improve the signal reading capability 

In the embodiments, as shown in FIG. 13 or 14, the 
maximum amplitude value of the RF signal is read by 
10 the tracking close circuit/open circuit, and thereby the 
gain of the RF signal is adjusted. However, in a case of 
generating the RF signal from a four-division light con- 
verter (not shown) within the optical pickup 22 similarly 
to the focus error, it is possible to read the maximum 
IS amplitude value of the focus errors of the first and sec- 
ond layers and set and store the gain values for the RF 
signals of the respective layers from this value, to 
thereby achieve the similar effect. 

More concretely, in this case, a standard value as 
20 for a level of the FE of a standard disk, for example, for 
each of layers, is stored in the RAM 42 in advance, and 
the standard value of each layer is compared with the 
FE value of each layer, so that the gain value as a ratio 
to the RF signal for each layer is set and stored. 

Further, in the embodiments, the RF gains are 
adjusted and stored only for the first and second layers 
of tiie two-layer disk. However, as for the first layer disk 
of the DVD or the CD, it is also allowable to adjust, store 
and use the respective gain values for tiie focus, the 
tracking and the RF, and/or the equalizer value. Further, 
in a case of measuring the focus and tracking gain val- 
ues and/or the equalizer value to thereby adjust and 
store them, the set value may be prepared in advance 
for each disk and each layer with respect to the RF gain 
value and/or the equalizer value, and stored in the ROM 
39. Then, this set value may be used without performing 
the adjustment. 

Furthermore, in order to cope with a flaw of a disk 
during measuring or adjusting the gain value and/or the 
equalizer value, the flaw detecting circuit (not shown) 
may be separately mounted, so that tiie measurement 
can be stopped until the flaw is solved, or the measure- 
ment can be performed again. 

Incidentally, in a case of produdng a disk in which 
one pair of the above mentioned two-layer disks are 
formed on both sides thereof, it is possible to store the 
adjustment values in the respective record layers as 
well as surface discrimination information thereof, so as 
to perform a quick correspondence even if a disk repro- 
duction surface is changed. Further, by storing the infor- 
mation peculiar to the disk with the adjusbnent value, it 
is possible to discriminate the peculiar information at a 
time of reprodudng. so as not to perform the initial set- 
ting operation again witii respect to the disk, to which 
the initial setting operation has been once performed. 

P(] Seventh EmtK)diment of the Invention 

At first, a seventh emkxxJiment of the preserrt inven- 
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tion is explained with reference to FIGS. 16 to 21. 
Although an apparatus of this embodiment is a DVD/CD 
compatible type of a reproducing apparatus, a case of 
reproducing the DVD as an information record medium 
is explained In this embodiment. 5 

FIG. 16 shows a block diagram indicating a sche- 
matic configuration of the reproducing apparatus of this 
embodiment. In FIG. 16. an optical disk 101 is the DVD 
as one example of the information record medium. In 
the optical disk 101, information is recorded on an Infor- io 
mation track by using, for example, a phase pit or a 
magnetic record mark. An optical spot is formed by light 
beams from a laser diode (not shown) included in an 
optical pickup 102 as one example of a reading device. 

A reflection light of this optical spot is inputted to a i5 
receiving optics such as a four-division photo detector 
(not shown) included in the optical pickup 102 and the 
like, as a r^Iection light to which astigmatism is given. A 
detection signal is outputted from the receiving optics. 

An RF Amplifier 103. which is a constitutional ele- 20 
ment of one example of a reproduction process device, 
generates an RF (Radio Frequency) signal from the 
detection signal outputted by the receiving optics of the 
optical pickup 1 02. and also outputs a focus error signal 
FE and a tracking error signal TE. 2s 

This RF signal is inputted to a spindle driver 105 as 
a standard signal to achieve a synchronization for a 
spindle motor 106 after the RF signal is demodulated 
and corrected by a demodulation and correction circuit 
104, and is also inputted to a video drcuit 107 and an 30 
audio circuit 108, respectively, as a video signal and an 
audio signal. Accordingly, a video output and an audio 
output can be generated, respectively 

On the other hand, the fbci^ error signal FE and 
the tracking error signal TE are outputted from a servo 35 
circuit 110 controlled by a CPU 109 as one example of 
a control device, to a focus driver 111 and a tracking 
driver 112 as one example of a drive device, respec- 
tively as a focus drive signal FD and a tracking drive 
signal TD. Accordingly, a focus servo and a tracking 40 
servo are performed. The servo operation by this servo 
circuit 110 is switched between a close state and an 
open state by a servo control signal FSON from the 
CPU 109. A gain up signal GUP for making a servo sen- 
sibility higher is also outputted from the CPU 109 to the 45 
servo circuit 110. Moreover, the focus drive signal FD 
and the tracking drive signal TD are controlled and out- 
putted by the servo circuit 110 when the servo is close. 
A focus jump signal and a rising/lowering signal of the 
focus are outputted by an output command from the so 
CPU 109 when the servo Is open. For this reason, a 
RAM 1 1 3 in which a pulse width of the focus drive signal 
FD and the like are stored is connected to the CPU 109. 

An op>eration panel 1 14 is' connected to the CPU 
109. Operation information, such as start or stop of the ss 
reproduction of the optical disk 1 and the like, are input- 
ted through the operation panel 114 to the CPU 109. 
Indderttally, a signal for indicating whether or not the 
optical disk 1 is loaded is also inputted to the CPU 109 



through a sensor and the like, although this mechanism 
is not shown in FIG, 16. 

In a case of the reproducing apparatus of this 
embodiment having the above mentioned configuration, 
it is necessary to jump an objective lens of the optical 
pickup 102 from one information record layer to another 
information record layer in order to reproduce the optical 
disk having multiple layers. This jump is performed by 
outputting a kick pulse as the focus drive signal FD as 
shown in FIG. 17, to the focus driver 1 1 1. A kick pulse 
height i.e. peak to peak (p-p) value and a pulse width of 
this kick pulse are set from the viewpoints of an interval 
between the information record layers and a moving 
amount of the objective lens. For example, it is possible 
to make the peak value larger and the pulse width 
shorter, to thereby jump tiie objective lens to a target 
position more quickly 

In case of outputting the kick pulse, the servo con- 
trol signal FSON is outputted from the CPU 109 to the 
servo circuit 1 10 to thereby make the servo open, and 
then an output request of the focus drive signal FD is 
issued so as to output a kick pulse with a predetermined 
pulse width and peak value to the servo circuit 110. 
Accordingly, a kick pulse as shown in FIG. 17 is output- 
ted from the servo circuit 110 to the focus driver 111. 
Then, the objective lens of the optical pickup 102 is 
jumped by a predetermined amount corresponding to a 
drive signal based on the kick pulse from the focus 
driver 111. If the objective lens is jumped, for example, 
from a lower portion to an upper portion, it is moved 
upward from a focal point by the kick pulse. Thus, for 
example, an upward focus error signal FE is generated. 
Further, when it is faced to a focal point in a second 
layer, a downward focus error signal FE is generated. 
Therefore, the focus is made close at a position at which 
this downward focus error signal FE ts generated. So, 
the CPU 109 detects the zero cross of this foojs error 
signal FE to thereby output the servo control signal 
FSON to the servo circuit 1 10 so as to make the servo 
dose. Moreover, tiie CPU 9 outputs to the servo circuit 
110 the gain up signal GUP for transientiy making a 
focus gain larger, so as to stabilize the focus coil at tiie 
jumped point. An output time for this gain up signal GUP 
is referred to as a gain up time. 

Furthermore, in order to suddenly stop the optical 
pickup at the jumped point, a brake pulse may be 
applied to the focus driver 1 1 1 as the focus drive signal 
FD after the jump pulse, as shown in FIG. 18. Since a 
moving part is tried to be suddenly stopped also in this 
case, there may be a possibility that a focus coil cannot 
become quickly stable. Thus, such a method is per- 
formed in which not only the brake pulse is applied, but 
also the focus gain is transientiy made higher until it 
becomes stable. 

As mentioned above. It is necessary to set the 
pulse width, the peak value, the brake pulse width and 
the gain up time to predetermined values, in order to 
junnp the optical pickup to thereby reproduce the multi- 
ple-layer disk. In a case that the interval t>etween the 
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information record layers is not known, it is necessary to 
set an average pulse width, peak value, brake pulse 
width and gain up time and to output the kick pulse to 
thereby detect the zero cross signal of the focus error 
signal FE. Thus. In a case that these values are not 5 
appropriate, for example, in a case that the interval 
between the layers is longer than an average interval, 
and in other cases, an excess time is required until the 
servo is made close. 

However, by examining relations between the mov- 10 
ing amount of the objective lens and the pulse width, the 
peak value, the brake pulse width and the gain up time 
in advance, it is possible to select an appropriate pulse 
width and the like In accordance with the interval 
between the layers to thereby jump the objective lens in is 
the shortest time. 

Then, this embodiment is constituted so as to store 
in advance the pulse width, the peak value, the brake 
pulse width and the gain up time which correspond to 
the several intervals between the layers, and measure so 
the intervals between the layers in the information 
record layers immediately after loading the optical disk 
and then read out the pulse width and the like corre- 
sponding to the measured interval between the layers 
when switching between the information record layers. 25 
to thereby jump the objective lens of the optical pickup 
102 to the target position quicker and much accurate. 

In this embodiment, the pulse width, the peak 
value, the brake pulse width and the gain up time which 
correspond to the interval between the layers are meas- 30 
ured in advance, and stored in a ROf^ and the like 
(which are not shown) within the CPU 109 as a table. 
Then, the pulse width and the like corresponding to the 
interval between the layers are selected from the table 
at a predetermined time, and stored in the RAM 113. 35 
That is, the CPU 109 and the RAM 1 1 3 are used as one 
example of a selection device and one example of a 
parameter memory respectively, in this emtxxlimerTt. 

Next, a method of measuring the interval between 
the layers in this embodiment is explained. At first, the 40 
optical pickup 102 used In the apparatus of this embod- 
iment is explained in detail. The optical pickup 102 of 
this embodiment comprises, for example, a bifocal lens 
as shown in FIG. 19. 

The optical pickup 102 comprising this bifocal lens 45 
has a structure in which it is possible to emit two light 
beams focused on different positions on one straight 
line. That is, in the bifocal lens, a diffraction grating H 
and an objective lens R are arranged on one optical 
path, as shown in FIG. 19. Light beams made parallel to so 
each other by a collimator lens (not shown) are divided 
into three beams: a 0 order light and ±1 order lights, by 
the diffraction grating H. Utilization of a difference 
between the optical path lengths of the 0 order light and 
the +1 order light among them enables the 0 order light $s 
and the +1 order light to be focused on the different 
positions on one straight line. 

Actually, the +1 order light is adapted to be focused 
on a farther position from the objective lens R than the 



0 order light. The 0 order light is set so as to be optimally 
collected on the information record surface of the DVD. 
and furtiier the +1 order light is set to be optimally col- 
lected on the information record surface of the CD. The 
utilization of the optical pickup having such a bifocal 
lens enables the apparatus of this embodiment to repro- 
duce both of the CD and the DVD. 

In the two light beams from the optical pickup 102 
having the bifocal lens, the +1 order tight is set to k^e 
optimally collected on tiie CD, and the 0 order light is set 
to be optimally collected on the DVD. Accordingly, the 
+1 order light is longer in focal length. Thus, for exam- 
ple, as shown in FIG. 19, when the bifocal lens is moved 
up for the multiple-layer DVD. the -i-l order light is firstly 
collected on a first layer of the information record sur- 
face of the DVD, and then a focus error signal is 
detected. Next, it is collected on a second layer of the 
information record layer, and the similar focus error sig- 
nal is detected. A pseudo focus error signal is detected 
which is generated since a reflection light from the first 
layer of the +1 order light is routed through an optical 
path of the 0 order light. Moreover, tiie similarly pseudo 
focus error signal is detected by a reflection light from 
the second layer. Finally, a focus error signal is detected 
from the first layer corresponding to the 0 order light. 
Furthermore, a focus error signal is also detected from 
the second layer. 

As mentioned above, in the multiple-layer disk, a 
total of six focus error signals are generated by using 
the optical pickup 102 having the bifocal lens. However, 
by setting a threshold TH which is larger than a peak 
value of the pseudo focus error signal and smaller tiian 
a peak value of the focus error signal for the 0 order 
light, a focus error signal exceeding the threshold TH is 
only the focus error signal for the 0 order light. Thus, 
since a moving speed of tiie optical picktp is constant, 
it is possible to measure an interval between the occur- 
rences of the bifocal error signals for this 0 order light to 
thereby measure an interval between the first layer and 
the second layer in the information record layers. 

That is, a timer as one example of a time counting 
device is actuated at a time of detecting the focus error 
signal larger tiian the tiireshold TH. Then, the timer is 
stopped at a time of detecting a next focus error signal. 
Accordingly, it is possible to determine an interval 
between two successive focus error signals. Assuming 
that a value determined by the timer counting action is L 
and that a constant based on the up and down moving 
speed of the objective lens is a. Then, X = t/a is a value 
peculiar to an interval between layers. By the CPU 109 
as one example of the calculation device, for example, if 
X is defined by a following expression (1) as: 

1.6^X^2.5 (1) 

the interval between the layers is judged as 40 ^m. Or, 
if X is defined by a following expression (2) as: 

2.6 ^ X ^ 3.5 (2) 
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the interval between the layers is judged as 60 ^m. 
When t = 4 msec, and if a = 2. the loaded disk is discrim- 
inated as a disk having an interval of 40 since X = 4 
msec/2 = 2, in this example. 

A measured interval between the focus error sig- 5 
nals may be from a time point when the focus error sig- 
nal exceeds the predetermined threshold TH. to a time 
point when the next focus error signal exceeds the 
threshold TH, as shown in FIG. 20A. Alternatively, by 
setting the thresholds at an upper side and a lower side io 
as shown in FIG. 206, the measured interval nnay be 
from a time point when a first rising portion of the focus 
error signal exceeds the threshold at the upper side, to 
a time point when a second trailing portion of the focus 
error signal drops below the threshold at the lower side, is 

Next, operations of the apparatus of this embodi- 
ment are explained with reference to FIGS. 19 and 21. 
Incidentally, respective processes shown in FIG. 21 are 
mainly performed by the CPU 109. Timers T1 and T2 
described later as one example of a time counting 20 
device are built in the CPU 1 09. 

As shown in FIG. 21 , it is firstly judged whether or 
not the disk is set (Step S801 ). If the disk is judged to be 
set, a content of the RAM 1 13 and the timers T1 and T2 
are cleared, and a register and the like included in the 25 
CPU 109 are initialized (Step S802). Next, the objective 
lens is moved down to a lower limit shown in FIG. 19 
(Step S803). After the objective lens arrives at the lower 
limit, an operation of the timer Tl is started (Step S804) 
in order to check the an'ival of the objective lens to an 30 
upper limit. Moreover, the objective lens is moved up 
(Step S805). As for a focus error signal detected during 
the up action (refer to FIG. 19), it Is judged whether or 
not any of the peak values exceeds the threshold TH 
(Step S806) . If the peak value exceeds the threshold TH 35 
(Step S806 ; YES), an operation of the timer T2 is 
started (Step S807) in order to measure a time required 
until a next peak value exceeds the threshold TH. Next, 
it is judged whether or not the next peak value exceeds 
the threshold TH (Step S808). If it exceeds (Step S808 40 
; YES), the operation of the timer T2 is finished (Step 
S809). 

After that, the operation waits until the value of the 
timer Tl exceeds a predetermined value tl (Step 
8810). If it exceeds (Step S810 ; YES), it is judged that 45 
the objective lens is moved to the upper limit. The timer 
T1 is stopped (Step S811), and the up action of the 
objective lens is stopped (Step S812). 

The interval between the information record layers 
is determined from the aforementioned judgment so 
expressions (1) and (2) on the basis of the value of the 
timer T2 (Step S813). At least one value among the 
pulse width, the peak value, the brake time and the gain 
up time for the optimal kick pulse is selected from the 
table, on the basis of the interval between the layers, ss 
Then, it is stored in the RAM 113 (Step S814). 

Since the value to jump the objective lens is stored 
as mentioned atx)ve, unless the disk is replaced after 
that, it is possible to output a control signal to the servo 



circuit 1 10 on the basis of the stored value to thereby 
jump the objective lens to a position suited for each of 
the information record layers accurately and quickly. 

[X I] Eighth EmtxxJiment 

Next, an eighth embodiment of the present inven- 
tion is explained with reference to FIGS. 22 and 23. Inci- 
dentally, identical reference numbers are assigned to 
parts common to the seventh ennbodiment Then, the 
explanations thereof are omitted. 

In this emtxxliment. a disk discrimination is per- 
formed at the same time when the interval between the 
layers is measured as mentioned atx)ve. For example, it 
is discriminated that any of the one-layer DVD, the mul- 
tiple-layer DVD and the CD is loaded. Thus, the CPU 
109 functions as one example of a discrimination device 
in this embodiment. 

Since a structure of a hardware of this embodiment 
is the same as that of the seventh embodiment, the 
explanation thereof is omitted. Then, a control in this 
embodiment is explained with reference to FIGS. 22 
and 23. 

As shown in FIG. 22, it is firstly judged whether or 
not the disk is set (Step S820). If the disk is judged to be 
set (YES), the following initializations are performed. 
That is. a content of the RAM 1 13 is cleared, and regis- 
ters included in the CPU 109. for example, a register D 
and a counter E described later are cleared (Step 
S821). Next, the objective lens is moved down to a 
lower limit shown in FIG. 23 (Step S822). After the 
objective lens arrives at the lower limit the operation of 
the timer Tl is started (Step S823) in order to check the 
arrival of the objective lens to an upper limit. Further, the 
objective lens is moved up (Step S824). As for a focus 
error signal detected during the up action (refer to FIG. 
23), it is judged whether or not any of the peak values 
exceeds a threshold TH1 (refer to a symtxil TH1 in FIG. 
23) (Step S825). If the peak value exceeds the thresh- 
old TH1 (Step S825 : YES), operations of the timers T2 
and T4 are started (Step S826). 

This timer T2 is used to measure the interval 
between the layers in a case that the loaded disk is the 
multiple-layer DVD. similarly to the seventh embodi- 
ment. The timer T4 is used to perform the discrimination 
between the one-layer DVD and the CD. 

Next, it is judged whether or not a next peak value 
exceeds the threshold TH1 (Step S827). Before the 
timer T1 reaches the predetermined value tl. that is. 
when the objective lens does not arrive at the upper limit 
(Step S828 : NO). H it exceeds the threshold TH1 (Step 
S827 ; YES), the loaded disk can be discriminated as 
the two-layer DVD as shown in FIG. 23. Then, the oper- 
ation of the timer T2 is finished similarly to the seventh 
embodiment (Step S829). The operation waits until the 
value of the timer Tl exceeds the predetermined value 
tl (Step S830). 

On the other hand, even if the timer Tl reaches the 
predetermined value tl, when the peak does not 
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exceed the threshold TH1 (Step S827 ; NO, and Step 
S828 : YES), the loaded disk can be discriminated as 
the one-layer DVD or the CD as shown in FIG. 23. Then, 
the value of the timer T2 Is cleared (Step S831). 

If the timer T1 reaches the predetermined value t1 
as mentioned above, it is judged that the objective lens 
arrives at the upper limit. Thus, the operation of the 
timer T1 is finished. Further, an operation of a timer T3 
is started (Step S832) in order to check the arrival of the 
objective lens to the lower limit. Then, the objective lens 
is started to be moved down (Step S833). 

It is judged whether or not the peak value again 
exceeds the threshold THI (Step S834). If it exceeds 
the threshold THI (Step S834 ; YES), an operation of a 
timer T4 is finished (Step S835). As shown in FIG. 23, 
an interval t41 at which the FE peak values are gener- 
ated in a case that the disk is the one-layer DVD is 
shorter than an interval t42 at which the FE peak values 
are generated in a case of the CD. 

Next, the operation waits until the timer T3 reaches 
a predetermined value t3 (Step S836). If it is judged that 
the timer T3 reaches the predetermined value t3 and 
the lens arrives at the lower limit (Step S836 ; YES), the 
operation of the timer T3 is finished (Step S837). A con- 
tent of the timer T2 is judged (Step S838) in order to dis- 
criminate the loaded disk as the multiple-layer disk or 
the one-layer disk. 

As mentioned above, in a case of the one-layer 
disk, the content of the timer T2 is already cleared. 
Thus, it is possible, by judging whether or not the con- 
tent of the tmer T2 exceeds 0 (Step S838), to discrimi- 
nate it as the one-layer or multiple-layer. Namely, if the 
content of the timer T2 exceeds 0 (Step S838 ; YES), 
the loaded disk is discriminated as the multiple-layer 
DVD. similarly to the seventh emlxxliment. The interval 
between the layers is determined from the aforemen- 
tioned judgment expressions (1) and (2) on the basis of 
the value of the timer T2, similarly to the severrth 
embodiment (Step S839). At least one value among the 
pulse width, the peak value, the brake time and the gain 
up time for the optimal focus jump is selected from the 
table, on the basis of the interval between the layers. 
Then, it is stored in the RAM 1 13 (Step 3840). 

On the other hand, if the content of the timer T2 is 0 
(Step S838 : NO), the loaded disk is discriminated as 
the one-layer disk. Since it is necessary to discriminate 
the loaded disk as the DVD or the CD. it is judged 
whether or not the value of the timer T4 is equal to or 
more than a predetermined value t4 (Step S841). This 
predetermined value t4 is set to a middle value between 
the peak value interval in the case of the DVD and the 
peak value interval in the case of the CD, as shown in 
FIG. 23. If it is equal to or more than the predetermined 
value t4, the loaded disk can be discriminated as the 
DVD. If it is less than the t4. the loaded disk can be dis- 
criminated as the CD. 

Therefore, if it is more than the t4 (Step S841 ; NO), 
the loaded disk is discriminated as the DVD, and 2 is set 
to the register D (Step S842). Further, a focus gain, a 



tracking gain and an equalizer for the DVD are set (Step 
S843). On the other hand, if it is equal to or less than the 
t4 (Step S841 ; YES), the loaded disk is discriminated 
as the CD. and 1 is set to the register D (Step S844). 

5 Further, a focus gain, a tracking gain and an equalizer 
for the CD are set (Step S845). 

Since all of the disk discriminations are finished, the 
objective lens is again moved up (Step S846) in order to 
make the focus servo close. Then, a number that the 

10 peak value exceeds a threshold TH2 is counted to 
thereby judge the detected light as the 0 order light or 
the +1 order light. In case of the DVD. the focus is locked 
by the 0 order light. In case of the CD. the focus ts 
locked by the +1 order light. Namely, by setting this 

15 threshold TH2 to a value smaller than the peak value of 
the focus error signal for the +1 order light of the DVD, 
as shown in FIG. 23, in a case of the one-layer DVD, the 
focus is made close when the peak value of the focus 
error signal by the 0 order light exceeds the threshold 

20 TH2 at a third time. In a case of the multiple-layer DVD. 
the focus is made close when it exceeds the threshold 
TH2 at a fifth time. Or, in a case of the CD, the focus is 
made close when it exceeds the threshold TH2 at a first 
time,. 

25 Then, it is judged whether or not the value of the 
register D is 0 (Step 3847) in order to initialize and set 
the values of the registers and the counters, immedi- 
ately after the objective lens is moved up. If the D is 0 
(Step S847 ; YES), an input to the register D is not per- 

30 formed, and thereby the loaded disk can be discrimi- 
nated as the multiple-layer disk. Thus, a value of the 
counter E is set to 0, and a value of the register b is set 
to 5 (Step S848). On the other hand, if the register D is 
not 0 (Step 3847 ; NO), the loaded disk can bediscrim- 

35 inated as the one-layer DVD or the CD. as mentioned 
above. Therefore, the value of the counter E is set to 0, 
and the value of the register b is set 3 (Step 3849). 

Then, it is judged whether or not the peak value 
exceeds the threshold TH2 (Step 3850). If it exceeds 

40 the threshold TH2 (Step 3850 : YES), tiie counter E is 
incremented (St^ 3851). Next, the regist^ D is judged 
(Step 3852). Namely, if the register D is 1 (YES), the 
loaded disk is discriminated as the CD. Thus, in order to 
make the focus servo close when the focus error signal 

45 for the +1 order light is generated, this count process by 
the counter E is withdrawn (Step 3852 ; YES). However, 
if the register D is 0 or 2, the loaded disk is discrimi- 
nated as the DVD. Then, it is necessary to make the 
focus close when the focus error signal for the 0 order 

so light is generated. Thus, the counting action of the coun- 
ter E is repeated until the value of the counter E 
becomes the value of the register b set as mentioned 
above (Step 3852 ; NO. and Step S853 : NO). 

After ft is judged that the peak value of the focus 

55 eaor signal for the 41 order light or the 0 order light 
exceeds the threshold TH2 as mentioned above, the 
focus servo is made close (Step S854). and the tracking 
servo is made close (Step 3855). Then, the reproduc- 
tion is started (Step 3856). a stop command is issued 
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(Step S857 : YES), the reproduction is finished. 

As mentioned above, parameters such as the pulse 
width of the kick pulse to jump the objective lens and the 
like are stored for the multiple-layer DVD. Thus, unless 
the disk is replaced after that, it is possible to jump the s 
objective lens based on the stored parameters to 
thereby jump to a position corresponding to each of the 
information record layers accurately and quickly. Moreo- 
ver, it is possible to perform the discrimination for the 
multiple-layer DVD. the one-layer DVD and the CD to io 
thereby perform the correct focus servo control. 

[X IQ Ninth Embodiment 

Next, a ninth embodiment of the present invention is 
is explained with reference to FIGS. 24 to 27. Inciden- 
tally, identical reference numbers are assigned to parts 
common to the seventh embodiment. Then, the expla- 
nations thereof are omitted. This embodiment performs 
a focus gain adjustment and a tracking gain adjustment 20 
for each of the layers in the multiple-layer DVD, and 
simultaneously measures the interval between the lay- 
ers. 

FIG, 24 shows a block diagram indicating a sche- 
matic structure of the servo circuit 1 10 of the reproduc- 25 
ing apparatus shown in FIG. 16. The other configuration 
of the reproducing apparatus of this embodiment is the 
same as the apparatus shown in FIG. 16. As shown in 
FIG. 24. an LPF (Low Pass Filter) 120 removes unnec- 
essary frequency componerrts equal to or more than a 30 
sampling frequency of an A/D converter 122 described 
later, from the focus error signal FE. 

An amplifier 121 amplifies the focus error signal FE 
up to a predetermined voltage value to output it, and 
also changes the amplified amount on the basis of a 3S 
focus servo gain from an FGA 123 described later. 

The A/D converter 122 corrverts the focus error sig- 
nal FE amplified by the amplifier 1 21 into a digital signal, 
outputs it to the next FGA 1 23 and also outputs this dig- 
itized focus enror signal FE to a servo controller 132 40 
described later. 

The FGA 123 applies feedt)ack to the amplifier 121 
on the basis of the focus error signal FE outputted by 
the A/D converter 122. and automatically adjusts a 
focus servo loop gain. 45 

A digital equalizer circuit (D-EQ) 124 is composed 
of a digital fitter and the like, and sets a focus servo fre- 
quency band corresporxiing to the focus error signal FE 
converted into the digital signal, on the basis of a control 
signal from the servo controller 132 described later. so 

A P WM (Pulse Width Modulation) circuit 1 25 gener- 
ates a focus drive signal FD having a pulse width corre- 
sponding to a signal level from the digital equalizer 
circuit 124. 

An LPF 126. an amplifier 127. an A/D converter ss 
128, a TGA 129, a digital equalize- circuit 130 and a 
PWM 131 are equipped in order to generate a tracking 
drive signal TD from a tracking error signal TE. similarly 
to the focus servo loop. Then, operations are performed 



which correspond to the respective means constituting 
the focus servo loop. 

Further, a TRBL 133 is equipped which performs an 
automatic control of a tracking balance, on the basis of 
the control signal from the servo controller 132, in order 
to adjust the tracking balance. This TRBL 33 feeds back 
to the RF Amplifier 103 a TBC signal of adjusting a 
center level of the tracking error signal 

The servo controller 132 as one example of a servo 
calculation device and a servo controlling device calcu- 
lates, on the basis of the focus error signals as 
described later, peak values thereof, and further outputs 
a control signal of setting a focus servo gain from an 
average of the peak values, and a control signal of set- 
ting a focus servo frequency band. Moreover, it calcu- 
lates, on the basis of the tracking error signals, peak 
values thereof, and further outputs a control signal of 
setting a tracking servo gain from an average of the 
peak values, and a control signal of setting a tracking 
servo frequency band. Incidentally, data required to per- 
form the focus servo control and the tracking servo con- 
trol and the like are stored in a RAM 135 as one 
example of a gain memory. 

A setup opa'ation of the reproducing apparatus of 
this embodiment is explained which comprises the 
servo circuit 110 having the above mentioned structure. 
As shown in FIG. 25. it is firstly judged whether or not 
the disk is set (Step S860). If the disk is judged to be set 
(YES), the CPU 109 performs the initializing actions 
(Step S861). That is, it clears the content of the RAM 
113 and dears registers included in the CPU 109, for 
example, a counter N and a counter M described later, 
and a timer of the servo controller 32 and the like. 

Next, the disk discrimination is performed (Step 
S862). In this disk discrimination process, the objective 
lens is firstly moved to a lower limit as shown in FIG. 27 
(StepS62-1). 

In FIG. 27. next, while the objective lens is moved 
up (Step S62-2). it is judged whether or not the peak 
value of the focus error signal exceeds the threshold 
TH3 (Step 362-3). TTiis threshold TH3 is set to a value 
smaller than the peak value of the focus error signal for 
the 0 order light in a case of the CD. as shown in FIG. 
28A, In order to generate a focus error signal shown in 
FIG. 28A, a light division ratio of the 0 order light to the 
+1 order light in the optical pickup 2 is set to. for exam- 
ple. 70 % to 30 %. in this embodiment When setting as 
mentioned above, a large focus error signal can be 
obtained for the 0 order light, even if the disk is the CD 
or the DVD. However, the focus error signal in a case of 
the DVD is larger than that in a case of the CD. Thus, 
even if the peak value of the obtained focus error signal 
exceeds the threshold TH3, when it is less than the 
threshold TH1 , ttie disk can be discriminated as the CD. 
When it exceeds the threshold TH1 . the disk can be dis- 
aiminated as the DVD. 

If the peak value of the focus enror signal exceeds 
the threshold TH3 (Step S62-3 ; YES), it is judged 
whether or not the peak value further exceeds the 
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threshold TH1 (Step S62-4). If it does not exceed (Step 
S62-4 ; NO), the disk is discriminated as the CD, and 1 
is set to the register D (Step S62-5). On the other hand, 
if it exceeds the threshold TH1 (Step S62-4 ; YES), the 
operation of the timer T1 is started (Step S62-6) in order 5 
to judge whether or not the DVD has the multiple layers. 
Then, it is judged whether or not the value of the timer 
T1 reaches the predetermined value t1 and the objec- 
tive lens arrives at the upper limit (Step S62-7). Moreo- 
ver, it is judged whether or not a focus error signal 10 
exceeding the threshold TH1 is generated again before 
the value of the timer T1 reaches the predetermined 
value t1 (Step S62-8). In a case of the two-layer disk of 
the DVD. it is possible to obtain the focus error signal 
exceeding the threshold TH1 before the objective lens 15 
arrives at the upper limit as shown in FIG- 28A (Step 
S62-8 ; YES). Thus, the disk is discriminated as the two- 
layer disk, and 3 is set to the register D (Step S62-9). On 
the other hand, when it is impossible to obtain the focus 
eri-or signal exceeding the threshold TH1 before the 20 
timer T1 reaches the predetermined value t1 (Step S62- 
7 ; YES), the disk is discriminated as the one-layer DVD. 
and 2 is set to the register D (Step S62-10). 

As mentioned above, after any of the values is set 
to the register D. the operation of the timer T1 is finished 25 
(Step 562-11). The up action of the objective lens is fin- 
ished (Step S62-12). The objective lens is moved down 
to the lower limit (Step S62-13). The disk discrimination 
process is finished. 

In this embodiment, the following process is per- 30 
formed only in a case of the two-layer DVD. This reason 
is that, since the focus gain values and the tracking val- 
ues in the first and second layers are different from each 
other in case of the two layer DVD, it is intended to store 
the focus gain value and the tracking gain value for each 35 
layer to thereby perform the proper focus servo and 
tracking servo. 

Therefore, in order to check the discriminated result 
in the disk discrimination process, it is judged whether 
or not the value of the register D is 3 as shown in FIG. 40 
25 (Step S863). 

In FIG. 25 again, if the register D is not 3 (step 
S863: NO), and the disk is discriminated as the one- 
layer DVD or the CD, the servo close process is per- 
formed similarly to the eighth embodment (on and after 45 
the step S846 in FIG. 22). Incidentally, the processes to 
this point are performed by the CPU 109, and proc- 
esses on and after this point are performed by the servo 
controller 1 32, except a particular process. 

On the other hand. If the value of the register D is 3 so 
(step 863: YES) and the disk is discriminated as the 
two-layer DVD, the counter N for counting the number of 
the up and down actions of the objective lens is incre- 
mented, and the counter M for counting the focus error 
signals is incremented (Step S864). 55 

Then, while the objective ler^ is moved up (Step 
S865). it is judged whether or not the focus error signal 
exceeding the threshold TH1 is detected during the up 
action of the lens (Step S866). The focus error signal 



exceeding this threshold TH1 is only the signal for the 0 
order light. Only the focus error signal for the 0 order 
light is illustrated after the disk discrimination in FIG. 
28A. For an easy explanation, the interval between the 
focus en'or signals after the cfisk discrimination process 
is widely illustrated in FIG. 28A. 

In FIG. 25 again, if the focus error signal exceeding 
the threshold TH1 is detected (Step S866 ; YES), timers 
T5, T10 are actuated (Step S867). 

This timer T5 is used to determine a timing of 
counting one focus error signal. The timer T10 is used 
to measure the interval between the layers in a case 
that the loaded disk is the multiple-layer DVD, similarly 
to the seventh emtxxJiment. 

Next, a peak to peak value FEpp (M) of the focus 
error signal is taken in and stored (Step S868). This 
peak to peak value FEpp (M) is used to later adjust the 
focus gain. 

After that the operation waits until the timer T5 
exceeds a predetermined value t5 (Step S869). If it 
exceeds, the timer T5 is finished (Step S870). It is 
judged that an output of one focus error signal is fin- 
ished. Then, the counter M is incremented (Step S871). 

Next, it is judged whether or not the focus error sig- 
nal exceeding the threshold TH1 is detected from the 
focus error signals for the second layer (Step S872). If 
such a focus error signal is detected (Step S872 ; YES), 
an operation of a timer T6 is started (Step S873) in 
order to measure an interval up to the upper limit of the 
objective lens. Further, the operation of the timer T1 0 for 
measuring the interval between the layers is finished 
(Step S874). 

Then, a peak to peak value FEpp (M) of the focus 
error signal in this second layer is taken in and stored 
(Step S875). After that, the operation waits until the 
timer T6 reaches a predetermined value t6 and the 
objective lens arrives at the upper limit (Step S876). 
After tiiat, if it is judged that this timer T6 reaches the 
predetermined value t6 and the objective lens arrives at 
the upper limit (Step S876 ; YES), the timer T6 is fin- 
ished (Step S877). 

In the process to this point, the objective lens is 
positioned at the upper limit, as shown in FIG. 28A. The 
counter N for counting the up and down actions of the 
objective lens is 1. Bifocal error signals are detected 
during this period. Thus, the counter M of the focus error 
signal is 2. Moreover, the peak to peak values for the 
respective focus error signals are stored. 

Next, the objective lens is nrujved down (Step 

5878) . The counters N and M are incremented (Step 

5879) . Then, it is judged whether or not the focus error 
signal exceeding the threshold TH1 is detected from the 
focus error signals for the second layer in the down 
action (Step S880). tf the focus error signal exceeding 
the threshold TH1 is detected (Step S880 ; YES), an 
operation of a timer T7 for determining a timing of mask- 
ing the focus error signal is started (Step S881). The 
peak to peak value FEpp (M) of the focus error signal is 
taken in and stored (Step Sd82). 
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After that, the operation waits until the timer T7 
exceeds a predetermined value t7 (Step S883). If It 
exceeds, the timer T7 is finished (Step S884). It is 
judged that an output of one focus error signal is fin- 
ished. Then, the counter M is incremented (Step 8885). 5 

Next, it is judged whether or not the focus en-or sig- 
nal exceeding the threshold TH1 is detected from the 
focus error signals for the first layer (Step S886). If such 
a focus error signal is detected (Step S886 ; YES), an 
operation of a timer T8 is started (Step S887) in order to 10 
measure an interval down to the lower limit of the objec- 
tive lens. 

Then, a peak to peak value FEpp (M) of the focus 
error signal in this first layer is taken in arxl stored (Step 
S888). After that, the operation waits until the timer T8 is 
reaches a predetermined value t8 and the objective lens 
arrives at the lower limit (Step 8889). If the value of the 
timer T8 reaches the predetermined value t8 (Step 
S889: YES), the timer T8 is finished (Step 8890). 

In the process to this point the objective lens is 20 
positioned at the lower limit, as shown in FIG. 28A,. The 
counter N for counting the up and down actions of the 
lens is 2. Bifocal error signals are detected during this 
period. Thi^, the counter M of the focus error signals is 
4. Moreover, the peak to peak values for the respective 25 
focus error signals are also stored. 

After that, the above mentioned process is 
repeated until the counter N becomes 4 (Step 8891 ; 
NO, through Step 8864). The process is stopped at a 
time point when the counter N becomes 4 (Step 8891 ; 30 
YES). Thus, peak to peak values of four focus eaor sig- 
nals are obtained respectively for the first layer and the 
second layer, at this time point. 

Then, the focus gain value is calculated by calculat- 
ing an average of the peak to peak values of the four 35 
focus error signals for each layer. Accordingly, the focus 
gain is adjusted (Step 8892). Further, the focus gain 
values of the first and second layers are stored in the 
RAM 35. 

Next, the CPU 1 09 determines the interval between 40 
the layers similarly to the seventh embodiment (Step 
8894) on the basis of the previously measured value of 
the timer T1 0, and selects at least one value among the 
pulse width, the peak value, the brake time and the gain 
up time for the optimal focus jump from the tatjie. on the 45 
basis of the interval between the layers, and stores in 
the RAM 113 (Step 8895). 

In FIG. 26, then, the servo controller 132 moves up 
the objective lens (Step 8896). and makes the focus 
servo in the first layer dose, on the basis of the above so 
calculated focus gain value in the first layer (Step 8897). 
Next, an operation of a timer T1 2 is started (Step 8898) 
in order to adjust the tracking balance in the first layer. A 
process of taking in a center level of the tracking error 
signal TE (Step 8899) as shown in FIG. 28B is contin- 55 
ued until a value of the timer T12 reaches a predeter- 
mined value t12 (Step 8900 ; NO). If the value of the 
timer T12 reaches the predetermined value t12 (Step 
8900 : YES), the operation of the timer T12 is finished 



(Step 8901). The tracking balance in the first layer is 
adjusted (Step S902) on the basis of the value of the 
center level of the tracking error signal TE taken in the 
above manner. 

A timer T13 is actuated (Step 8903) in order to 
adjust the tracking gain in the first layer. A process of 
taking in a peak to peak value TEpp of the tracking error 
signal TE (Step 8904) as shown in FIG. 28B is contin- 
ued until a value of the timer T1 3 reaches a predeter- 
mined value t13 (Step 8905 ; NO). If the value of the 
timer T13 reaches the predetermined value t13 (Step 
8905 ; YES), the timer T13 is stopped (Step S906). The 
tracking gain in the first layer is adjusted (Step S907) on 
the basis of the value of the peak to peak value TEpp of 
the tracking error signal TE taken in the above manner. 
The tracking servo is made dose (Step 8908). The 
tracking gain value in the first layer is stored in the RAM 
135 (Step 8909). 

Next, in order to perform the above similar process 
for the second layer, the lens is jumped to a position rel- 
ative to the second layer (Step 8910), on the basis of 
the pulse width, the peak value, the brake time, the gain 
up time and the like for the previously stored kick pulse. 
The focus servo of the second layer is made close (Step 
S91 1 ) on the basis of the above calculated focus gain 
value for the second layer Next, an operation of a timer 
T1 4 is started (Step 891 2) in order to adjust the tracking 
telance for the second layer. A process of taking in a 
center level of the tracking error signal TE (Step 8913) 
as shown in FIG. 28C is continued until a value of the 
timer T14 reaches a predetermined value t14 (Step 
8914 : NO). If the value of the timer T14 reaches the 
predetermined value t14 (Step 8914 ; YES), the opera- 
tion of the timer T14 is finished (Step 8915). The track- 
ing balance in the second layer is adjusted (Step 8916) 
on the basis of a value of the center level of the tracking 
error signal TE taken in the above manner. 

An operation of a timer T15 is started (Step S917) 
in order to adjust the tracking gain for the second layer. 
A process of taking in a peak to peak value TEpp of the 
tracking error signal TE (Step S918) as shown in FIG. 
28C is continued until a value of the timer T15 reaches 
a predetermined value t15 (Step 8919 ; NO). If the 
value of the timer T1 5 reaches the predetermined value 
t1 5 (Step 8919 ; YES), the operation of the timer T1 5 is 
finished (Step 8920). The tracking gain for the second 
layer is adjusted (Step 8921] on the basis of a value of 
the peak to peak value TEpp of the tracking error signal 
TE taken in the above manner The tracking servo is 
made dose (Step S922). The tracking gain value for the 
second layer is stored in the RAM 135 (Step 8923). 

It is possible to perform the above mentioned proc- 
esses to thereby perform the focus servo control and 
the tracking servo that are appropriate and accurate for 
each of the layers, and also possible to measure the 
interval between the two layers in the single layer to 
thereby set the optimally jumping condition. As a result, 
it is possible to jump between the layers accurately and 
quickly. 
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In the above mentioned examples, the present 
invention is applied to the apparatus which can repro- 
duce both the CD and the DVD. However, the present 
invention is not limited to the exanrples. The apparatus 
dedicated to the DVD reproduction is allowable. Thus, it 5 
is not necessary that the optical pickup uses the above 
mentioned bifocal lens. It is allowable to use an optical 
pickup comprising a single-focus lens. Or, a type of 
switching between the respective lens for the CD and 
the DVD can be used similarly. 

As for a moving direction of the lens at a time of 
measuring the interval between the layers, the example 
in which it is started from the up direction is explained. 
However, the present invention is not limited to the 
exannple. It is allowable to be started from the down 75 
direction. 

In this emt>odiment, the pulse width, the peak 
value, the brake time and the gain up time for the locus 
jump are all selected, and all stored in the RAM. How- 
ever, the present invention is not limited to it. It is allow- 20 
able to select and store any one value or several values 
of them. 

In this embodiment, the focus error signal resulting 
from the 0 order light is used to determine the interval 
between the layers in each of the record layers. How- 2s 
ever, it is possible to use the focus error signal resulting 
from the order light or the pseudo light. At that time, 
an interval between the focus error signals is deter- 
mined by properly changing a threshold. 

In a case of a disk in which both surfaces of two lay- 30 
ers are bonded together, it is possible to perform the 
various adjustments similar to this embodiment for two 
layers on an upper side and two layers on a lower side 
at a time of a first setup, to thereby record with layer 
information in the respective layers. Moreover, it is natu- 35 
rally possible to store and use a plurality of respective 
adjustment values with the infornr^tion peculiar to the 
disk. 

Claims 4o 

1 . An apparatus for reproducing a multiple layer disk 
(20) comprising a plurality of layers each having an 
information record surface on which record infor- 
mation is recorded, characterized in that said appa- 45 
ratus comprises: 

a read device (22) for reading the record infor- 
mation from each of the layers; 
a reproduction process device (23, 24 to 28. 31 so 
, to 35, 45 to 49) for applying a predetermined 
reproduction process to the record information 
read by said read device in accordance with a 
reproduction process parameter, which is set 
therein and which comprises at least one of a ss 
gain value and an equalize value, to thereby 
output a reproduction information signal; 
a drive device (30) for driving said read device 
to jump from one reading state for reading one 



of the layers to another reading state for read- 
ing another of the layers; 
a memory (42) for storing a plurality of repro- 
duction process parameters corresponding to 
the layers in advance of reproduction; and 
a set means (38. 40) for reading out one of the 
stored reproduction process parameters, cor- 
responding to said another of the layers as a 
destination of jumping of said read device, from 
said memory and setting the read out repro- 
duction process parameter in said reproduction 
process device, in case that said read device is 
driven to jump by said drive device. 

2, An apparatus according to claim 1 , characterized in 
that said memory (42) stores the reproduction proc- 
ess parameters each comprising at least one of the 
gain value of a focus servo loop for said reproduc- 
tion process device and the gain value of a tracking 
servo loop for said reproduction process device (23. 
24 to 28. 31 to 35, 45 to 49). 

3. An apparatus for reproducing a multiple layer disk 
(20) comprising a plurality of layers each having an 
information record surface on which record infor- 
mation is recorded, characterized in that said appa- 
ratus conrtprises: 

a read device (22) having an objective lens for 
optically reading the record information from 
each of the layers through said objective lens; 
a reproduction process device (23, 24 to 28, 31 
to 35. 45 to 49) for applying a predetermined 
reproduction process to the record information 
read by said read device in accordance with at 
least one of a gain value and an equalizer value 
of a focus servo loop, and a gain value and an 
equalizer value of another servo loop other 
than the focus servo loop, which are set 
therein, to thereby output a reproduction infor- 
mation signal and a focus error signal corre- 
sponding to the reproduction information 
signal; 

a drive device (30) for driving said read device 
to move said objective lens in a focus direction 
of said objective lens; 

a first measurement means (40) for measuring 
at least one of the gain value and the equalizer 
value of the focus servo loop for each of the lay- 
ers on the basis of the focus error signal of 
each of the layers: 

a second measurement means (40) for meas- 
uring at least one of the gain value and the 
equalizer value of said another servo loop for 
one of the layers on the basis of a reflectance 
factor of said one of the layers; 
a memory (42) for Coring the measured gain 
values and equalizer values measured by said 
first and second measurement means; 
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a calculation means (40) for calculating a ratio 
of at least one of the gain value and the equal- 
izer value of the focus servo loop for said one of 
the layers with respect to those for another of 
the layers; and 5 
a set means (38, 40) for setting the gain value 
and the equalizer value of said another servo 
loop for said another of the layers on the basis 
of the ratio calculated by said calculation 
means, to said reproduction process device. io 

4. An apparatus according to claim 3, characterized in 
that said first measurement means (40) takes in 
focus error signals of all the layers from said repro- 
duction process device while said objective lens is is 
moved up or down just once, to thereby measure at 
least one of the gain value and the equalizer value 

of the focus servo loop for each of the layers. 

5. An apparatus according to claim 1 . characterized In 20 
that said apparatus further comprises a detection 
means (40) for detecting a maximum amplitude 
value of. an RF signal of each of the layers, from the 
record information read by said read device (22). 

said memory (42) stores at least one of the 
gain value and the equalizer value for the RF 
signal, which are obtained from the maximum 
amplitude value detected by said detection 
means. 30 

6. An apparatus for reproducing a multiple layer disk 
(20) comprising a plurality of layers each having an 
information record surface on which record infor- 
mation is recorded, characterized in that said appa- 35 
ratus corrprises: 

a read device (22) for reading the record infor- 
mation from each of the layers; 
a detection means (40) for detecting a maxi- 40 
mum amplitude value of an RF signal of each 
of the layers, from the record information read 
by said read device; 

a reproduction process device (23, 24 to 28, 3 1 
to 35, 45 to 49) for applying a predetermined 45 
reproduction process to the record information 
read by said read device in accordance with a 
reproduction process parameter, which is set 
therein and which comprises at least one of a 
gain value and an equalizer value, to thereby so 
output a reproduction informaton signal; 
a memory (42) for storing a plurality of prede- 
termined reproduction process parameters in 
advance of reproduction; and 
a selection means (40) tor selecting one of the ss 
predetermined reproduction process parame- 
ters stored in said memory, on the basis of the 
maximum amplitude value detected by said 
detection means, and setting the selected 



reproduction process parameter in said repro- 
duction process device. 

7. An apparatus for reproducing an information record 
medium (101) comprising one or a plurality of layers 
each having an information record surface on which 
record information is recorded, characterized in that 
said apparatus comprises: 

a read device (102) having an objective lens for 
optically reading the record information from 
the information record surface through said 
objective lens; 

a reproduction process device (103 to 108) for 
applying a predetermined reproduction proc- 
ess to the record information read by said read 
device, to thereby generate a reproduction 
information signal and a focus error signal (FE) 
corresponding to the reproduction information 
signal: 

a drive device (1 11 ) for driving said read device 
to move said objective lens in a focusing direc- 
tion of said objective lens according to a control 
signal (FD); 

a time counting means (109) for measuring a 
time interval between two successive focus 
error signals generated by said reproduction 
process device: 

an interval calculation means ( 1 09) for calculat- 
ing a layer interval between the layers on the 
basis of the time interval measured by said 
time counting means if a plurality of focus en^or 
signals are generated, which have signal levels 
exceeding a predetermined standard value set 
in advance, while said objective lens is moved 
in either one direction by said drive device; 
a selection means (109) for selecting one 
parameter for the control signal, which corre- 
sponds to the layer interval calculated by said 
interval calculation means, among a plurality of 
parameters for the control signal, which are set 
in advance to move said objective lens 
between the layers: 

a parameter memory (113) for storing the 
parameter selected by said selection means; 
and 

a control means (109, 110) for generating the 
control signal t>ased on the parameter stored in 
said parameter memory, and thereby control- 
ling said drive device to drive said read device 
to move said objective lerrs. 

8. An apparatus according to claim 7. characterized in 
that said drive device (111) drives said read device 
(1 02) to move said objective lens when a pulse sig- 
nal is applied as the control signal (FD) to said drive 
device. 

said parameter for the control signal comprises 
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at least one of a pulse width, a peak value, a 
brake time and a gain up time of the pulse sig- 
nal. 

9. An apparatus according to daim 7 or 8, character- s 
ized in that said apparatus further comprises a dis- 
crimination means (109) for discrirrdnaling a type of 
said information record medium (101) on the basis 

of the time interval measured by said time counting 
means (109), as for the focus error signal (FE). io 
which is generated during a reciprocation motion of 
said objective lens by said drive device (ill) and 
which exceeds the predetermined standard value. 

1 0. An apparatus according to any one of claims 7 to 9, is 
characterized in that said reproduction process 
device (103 to 108) further generates a tracking 
error signal (TE) corresponding to the reproduction 
information signal, and 

20 

said apparatus further comprises: 

a servo calcuJation means (132) for calculating 

at least one of a focus gain value and a tracking 

gain value of each of the layers on the basis of 

at least one of the focus error signal (FE) and 2S 

the tracking error signal generated by said 

reproduction process device; 

a gain memory (135) for storing at least one of 

the focus gain value and the tracking gain value 

calculated by said servo calculation means: 3o 

and 

a servo control means (132) for performing at 
least one of a focus servo control and a track- 
ing servo control, on the basis of at least one of 
the focus gain value and the tracking gain value 35 
stored in said gain memory. 
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